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Article Info ABSTRACT

. . A weed competes with crop plants for light, nutrition, water and air. They cause significant loss to agriculture
Artl(;le History and also reduce the productive capacity of land. Aim of this study is to evaluate effects of herbicide
Received: 12.03.2022 imazamox (IMI) on germination and seedling growth parameters and determine the optimal herbicide
Accepted: 11.05.2022 imazamox (IMI) dose which can be used in wheat breeding programs. In this study, 4 IMI doses [0 (control),
Published: 30.06.2022 40, 50, 60 ppm], 3 buffer solutions (pH = 7.0) [MES hydrate, phosphate buffer and pure water] and 2
different pre-applications (seeds were kept either in herbicide solution for 24 hours or germinated in media
containing herbicide) were applied as randomized plots design with two factors and three replications

Keywords: according randomized block in factorial design. Germination rate, average germination time, germination
Imazamox (IM1), rate index and germination vigor index, root and shoot length and weights were measured. Control
Germination, application with 24 h kept in water in all tested buffers resulted in increase in average germination time
Wheat. whereas decrease in all other germination parameters. No differences were observed between buffer

applications regarding to Control treatment in germination media containing herbicide. When herbicide
doses were compared based on average values of buffer applications, average germination time was elevated
in respect to increase concentration of herbicide doses, on the other hand, common decrease was observed
in other parameters. Effect of herbicide was observed on seedling parameters such as root and shoot length
and weight rather than germination parameters. The highest adverse effect on plant growth and development
was observed in phosphate buffer with 60 ppm imazomax application.

Bugdayda (Triticum aestivum L.) Imazamox (IMI) Herbisit Dozunun in vivo
Seleksiyon Icin Belirlenmesi

Makale Bilgileri 0z

Makale Gegmisi Yabanci otlar., kdiltiir bitkileriyle su, mineral maddeler ve alan yéniir.lden rekabete giferek ggsitli
Gelis: 12.03.2022 oranlarda verim kayiplarina yol agmaktadirlar. Bu ¢alisma, ekmeklik bugdaym Kirik g¢esitinde
Kabul: 11.05.2022 imazamox (IMI) herbisitinin; ¢cimlenme ve fide ile ilgili etkilerini ve 1slah amagh ¢alismalarda
Yaym: 30.06.2022 uygulanabilecek optimum dozu belirlemek amactyla yapilmistir. Arastirma tesadiif parsellerinde

4 farkli IMI uygulama konsantrasyonu [0 (kontrol), 40, 50, 60 ppm], 3 farkli tampon soliisyonu
Anahtar Kelimeler: ~ (pH=7.0) [MES hydrate, Fosfat Buffer ve Saf su] ve 2 farkli 6n uygulama [24 saat herbisit

Imazamox (M), solisyonunda bekletme ve daha sonra saf su igeren ¢imlenme kaplarinda ¢imlendirme ve
(;lnjlenme, ¢cimlendirme ortaminda siirekli bulundurma] faktoriyel deneme desenine gore 4 tekrarli olarak
Bugday yuriitiilmiistiir. Arastirma sonunda, ¢imlenme orant (CO), ortalama ¢imlenme zamani (OCZ),

¢imlenme hiz1 indeksi ve ¢imlenme giicii indeksi (CGI), kok ve siirgiin uzunlugu ve agirliklari ile
ilgili veriler elde edilmistir. Yapilan incelemeler sonunda tiim ¢o6zeltilerdeki kontrol
uygulamalarinda 24 saat siireyle bekletme isleminde OCZ zamaninda artiga, diger incelenen
Ozelliklerin tamaminda bir azalmaya neden oldugu gézlenmistir. Cimlenme ortaminda herbisitin
devamli olarak bekletildigi uygulama seklinde yapilan incelemeler sonunda tampon soliisyonlarin
kontrol uygulamalar1 karsilastirildiginda aralarinda bir fark olmadigi goézlenmistir. Tampon
¢ozeltilerinin ortalamasina gore herbisit dozlar1 karsilastirildiginda herbisit dozundaki artisa bagli
olarak OCZ’de artig, bu o6zellik digindaki diger ozelliklerde ise genelde dnemli bir azalma
kaydedilmistir. Herbisitin etkisi tohumun ¢imlenmesinden ziyade bitki gelisimiyle yakindan ilgili
olan fide ozelliklerinde (kok ve siirgiin uzunlugu ve agirliklar) daha fazla olmustur. Yapilan
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incelemeler sonunda en fazla biiyiime ve gelisim engellenmesi fosfat tampon ¢ozeltisinde
hazirlanmis ve 60 ppm imazomax igeren ortamda meydana gelmistir.

@@ Atif/Citation: Haliloglu, K., Turkoglu, A. & Aydin, M. (2022). Determination of Herbicide Tolerance of Wheat
|© (Triticum aestivum L.) for in vivo Selection, Eregli Journal of Agriciultural Science, 2(1), 1-11

“This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)”

* We thank TUBITAK (Project No: TOVAG 1130940) for their support of the study.

1. Introduction

Wheat is one of the first cultivated food products and is the most important staple food. However,
weeds are a significant barrier to high wheat productivity and cause 48% more loss of wheat yield (Khan
and Hag, 2002). In Turkey, up to 30% reductions in wheat yield have been detected, especially in areas
where wheat is planted in winter and where weed control is not done (Anonymous, 2012). Weeds
compete with cultivated plants in terms of water, mineral substances and area and cause yield losses at
various rates. One of the effective ways used to control weeds is the use of chemicals herbicide.

Winter annual weeds in wheat farming including, Aegilops cylindrica, Bromus tectorum, Secale
cereale, Lolium multiflorum, Avena fatua, Agrostemma githago, Alopecurus myosuroides, Anagallis
arvensis, Avena sterilis, Bifora radians, Boreava orientalis, Briza humulis, Capsella bursa pastoris,
Cardaria draba, Centaurea spp, Cephalaria syriaca, Hordeum murinum causes significant losses.
These weeds have the same or very similar life cycle as the wheat plant and it is very difficult to combat
with classical wheat-fallow or other crop rotation methods. It does not have the power to distinguish the
wheat plant from the damaging grass weeds by chemical methods (Ball and Peterson, 2007; Tursun,
2012). The competitiveness of weeds is generally high and especially early germination and
development increase crop losses. In addition, the decrease in the quality of the product, the decrease in
the seed value, the deterioration of its technological properties, the mixing of weed seeds in the product
with the flour, spoiling the color, smell and taste of the flour products, and sometimes causing poisoning
are among the other damages. Another negative aspect is that weeds make harvesting difficult, they
create shelter, shelter and feeding place for many disease factors and harmful insects (Tursun, 2012).

Today, it is getting harder to discover a new herbicide and it is very difficult to find an herbicide
with a new mode of action (Gressel, 2002). Given the difficulty of finding a new herbicide, developing
herbicide-resistant cultivars and expanding the use of existing herbicides with a broad spectrum of weed
control and environmental profile is a useful strategy. Three strategies are followed in conferring
resistance to herbicides: resistance in the area of effect, metabolic detoxification and preventing the
herbicide from reaching its area of action (Sherman et al. 1996). By improving one or more of these
three mechanisms through genetic modification, a crop can be resistant to herbicide. Imidazolinone
herbicides control weeds by inhibiting acetohydroxyacid synthase (Kita et al., 2007), also called
acetolactate synthase (ALS), which is a critical enzyme for the biosynthesis of branched-chain amino
acids in plants (Lee et al., 2011). These herbicides are used successfully in the control of broad-spectrum
grass crops (grassaceae), broad-leaved weeds. In addition, these herbicides are highly effective at low
application rates, have low mammalian toxicity, and an environmentally preferable profile. Therefore,
imidazolinone herbicides have many ideal properties for use in an herbicide resistant crop.

However, for a system in which all weeds are removed as a result of the use of herbicides and
only the wheat plant survives, the appropriate selection method is at the beginning of this process. This
research was carried out to determine the effect of imazomax herbicide on wheat germination and
seedling and to determine the optimum dose for in vivo.

2. Material and Methods

Bread wheat (Triticum aestivum L.) Kirik genotype seeds were used as plant material in the study.
The seeds were counted and after washing these seeds in tap water, they were mixed in 70% ethyl alcohol
(EtOH) for 3 minutes, washed 3 times with sterile distilled water in a sterile cabinet, and surface
sterilization by mixing in 20% sodium hypochlorite containing a few drops of Tween 20 (Sigma) for 25
minutes. In this experiment, 4 different IMI concentrations [0 (control), 40, 50, 60 ppm], 3 different
buffer solutions (PH=7.0) [MES hydrate, phosphate buffer and purified water] and 2 different pre-
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treatments [Soaking in herbicide solution for 24 hours and then continuous keeping in germination and
germination medium in germination containers containing pure water] was carried out in 4 repetitions
according to the factorial trial design. The seeds were taken to germinate in the germination cabinet
between papers in petri dishes. 14 ml of distilled water was placed in each petri dish. During
germination, the temperature was adjusted to 25 °C and 16 hours of light and 8 hours of dark periods
were applied. After the seeds were placed in the germination medium, germination data were obtained
by counting every day for 14 days (the ones with a root length of 1 mm and above were considered
germinated). The petri dishes were covered to prevent the lossof moisture by evaporation were kept in
16:8 h light: dark photoperiod and germinated at 25+1 °C.
Germination-Related Characters

Germination rate (%) (GR), mean germination time (MGT), germination rate index (GRI), and
seedling vigor index (SVI) characters were obtained at the end of the 14th day (Hosseinpour et al., 2021).
Seedling-Related Characters

14 days after the seeds were placed in the germination medium, 10 seedlings were randomly taken
from each petri dish, including root length (cm) (RL), shoot length (cm) (SL), root dry weight (g)
(RDW), shoot. dry weight (g) (SDW) characters were measured (Hosseinpour et al., 2021).
Statistical Analysis

The effect of the herbicide dose, buffer solution type and herbicide application method were
analyzed in a 4x3x2 according randomized block in factorial design. Differences between the means of
variation sources in terms of germination and seedling growth characteristics were determined by LSD
multiple comparison test at 5% significance level.

3. Results

Germination Characters

When GR, MGT, GRI, and SVI were examined, the main effect of the sources of variation and
the effects of the double and triple interactions of these sources of variation differed according to the
examined characteristics (Table 1 and Figure 1).

When evaluated according to the method of application on the basis of the averages, the highest
GR, GRI and SVI were obtained in the form of herbicide application in the germination medium with
97.86%, 49.47 and 559.21, and the longest MGT was obtained in the form of 24 hours pre-application
to the seed with 2.26 days. The lowest GR, GRI and SVI were obtained as 84.25%, 43.61 and 51.97
seed pre-application herbicides, respectively, and the lowest MGT was obtained in the form of herbicide
application in the germination medium with 1.65 days (Table 2).

Based on the averages according to the buffer type, the highest GR, MGT, GRI and SVI were
found to be 92.21% (pure water), 2.05 days (phosphate buffer), 47.73 (pure water) and 559.40 (pure
water), respectively. The lowest GR, MGT, GRI and SVI were determined as 88.79% (Mes Hydrate),
1.89 days (Mes hydrate), 45.61 (phosphate buffer) and 521.44 (Mes hydrate) (Table 2). When evaluated
according to the imazamox dose on the basis of the averages, the highest GR, GRI and SVI were
obtained in the control (0 ppm) with 93.78%, 48.15 and 1454.86, and the longest MGT was obtained at
60 ppm imazamox dose with 2.04 days. The lowest GR, GRI and SVI were obtained in the control (0
ppm) with 88.06%, 45.20 and 200.77%, respectively, and the lowest MGT was obtained at 0 ppm
Imazamox dose with 1.85 days (Table In terms of germination-related characters, the effect of the
application method of imazamox herbicide, except for GRI, differed according to the buffer type used.
Therefore, the effect of the herbicide on the way of application x buffer type was very significant
(P<0.01) (Table 1). In order of highest GR, MGT, GR1and SVI; herbicide + MES hydrate in germination
medium (98.17%), herbicide + phosphate buffer in seed pre-application (2.40 days), herbicide + purified
water in germination medium (50.23), and herbicide + MES hydrate in germination medium (586.59)
(Table 2). As can be seen in Table 2, the effect of the herbicide application method differed in terms of
germination-related characters (except MGT) according to the herbicide doses used. Therefore, the
effect of herbicide application method x herbicide dose was very important (P<0.01) (Table 1). The
highest GR, MGT, GRI and SVI respectively; herbicide in germination medium + control dose
(98.89%), herbicide pre-application to seed + 60 ppm (2.41 days), herbicide in germination medium +
0 ppm (50.59) and herbicide in germination medium + 0 ppm (1812.58) (Table 2). The effect of the
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buffer type, except GR, did not differ according to the herbicide doses used (Table 1). The highest GR
was obtained with 96% of phosphate buffer buffer type + 40 ppm dose.

In terms of germination-related characters, the effect of imazamox herbicide application method
differed according to the buffer type and doses used, except for MGT and GRI. Therefore, the effects of
the herbicide application method x buffer type x dose were very important (P<0.01) (Table 1). The
highest GR was found in the germination medium in herbicide + MES hydrate + 0 and 40 ppm
applications (99.33%), and the lowest GR was determined in the seed pre-application herbicide + MES
hydrate + 40 ppm (74.33%) applications. In terms of SVI; The highest SVI was obtained in the
germination medium with herbicide + MES hydrate + 0 ppm application (1956.24) and the lowest in the
germination medium in the herbicide + MES hydrate + 60 ppm application (120.63).

Seedling Growth Characters

When RL, SL, RDW and SDW were examined, the main effect of the sources of variation (except
SDW) and the effect of the double and triple interactions of these sources of variation differed according
to the examined characteristics (Table 1).

When evaluated according to the application method on the basis of the averages, the highest RL
was obtained in the form of herbicide application in the germination medium with 2.91 cm, SL was
obtained in the pre-application herbicide on the seed with 3.50 cm, the herbicide application on the seed
with KYA 0.011 g and the pre-application herbicide on the seed 0.032 g in LYA. The lowest KU was
determined as 2.45 cm pre-application herbicide, SL with 2.76 with herbicide in germination medium,
RDW with 0.007 g pre-application herbicide and SDW with 0.26 herbicide application in germination
medium (Table 2). Based on the averages according to the buffer type, the highest RL, SL, RDW and
SDW were 2.80 cm (MES hydrate), 3.27 cm (phosphate buffer), 0.010 g (phosphate buffer and purified
water) and 0.030 g (MES hydrate) respectively. The lowest SL, RDW and SDW were obtained,
respectively, 2.51 cm (phosphate buffer), 2.97 cm (MES hydrate), 0.007 g (MES hydrate) and 0.028 g
(phosphate buffer and pure water) (Table 2).

When evaluated according to imazamox dose based on the averages, the highest RL, SL, RDW
and SDW were obtained in the control (0 ppm) with 7.67 cm, 7.67 cm, 0.020 g and 0.053 g. The lowest
RL, SL, RDW and SDW were obtained at 60 ppm herbicide doses of 0.94 cm, 1.45 cm, 0.004 g and
0.019 g, respectively (Table 2).

In terms of seedling-related characters (except for RDW), the effect of the application method of
imazamox herbicide differed according to the buffer type used. Therefore, the effect of the herbicide on
the way of application x buffer type was very significant (P<0.01) (Table 1). In order of highest RL, SL,
RDW and SDW; herbicide + MES hydrate (3.12 cm) in the germination medium, herbicide + pure water
(3.84 cm) in the pre-application to the seed, herbicide + pure water and phosphate buffer (0.012 gr) in
the germination medium, and herbicide + MES hydrate (0.034 g) in the pre-treatment of the seed. (Table
2). As seen in Table 2, the effect of the herbicide application method differed in terms of the characters
related to the seedling according to the herbicide doses used. Therefore, the effect of herbicide
application method x herbicide dose was very important (P<0.01) (Table 1). The highest RL, SL, RDW
and SDW respectively; It was observed that herbicide + control dose (0 ppm) was applied in the
germination medium with 9.76 cm, 8.56 cm, 0.030 gr and 0.062 gr (Table 2). The effect of the buffer
type in terms of RL, SL, RDW and SDW differed according to the herbicide doses used (Table 1). MES
Hydrate buffer type + 0 ppm dose (8.23 cm), pure water + 0 ppm dose (7.54 ¢cm), phosphate buffer + 0
ppm dose (0.024 gr) and phosphate buffer + 0, respectively. It was obtained with a dose of ppm (0.061
9).

The effect of the application of imazamox herbicide in terms of characters related to the seedlings
differed according to the buffer type and doses used. Therefore, the effects of the herbicide application
method x buffer type x dose were very important (P<0.01) (Table 1). The highest RL was found in the
herbicide + MES hydrate + 0 ppm applications (10.66 cm) in the germination medium, and the lowest
RL in the herbicide + phosphate buffer + 60 ppm (0.44 gr) applications in the germination medium. In
terms of SL; The highest SL was obtained in the herbicide + MES hydrate + 0 ppm applications (9.03
cm) in the germination medium, and the lowest in the herbicide + phosphate buffer + 60 ppm (0.69 gr)
applications in the germination medium. In terms of RDW; The highest RDW was obtained in the
germination medium in the herbicide + phosphate buffer + 0 ppm applications (0.034 gr) and the lowest
in the seed pre-application herbicide + MES hydrate + 60 ppm (0.002 gr) applications. The highest SDW
was observed in the herbicide + phosphate buffer + 0 ppm applications (0.077 gr) in the germination
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medium, and the lowest SDW was observed in the herbicide + phosphate buffer + 60 ppm (0.010 g)
applications in the germination medium.



Table 1. Variance Analysis Results and LSD Values Of Germination Characteristics

Sources of 1GR MGT GRI 4y SRL 6L 'RDW 8SDW
variations
Method of DF 1 1 1 1 1 1 1 1
App(','\;‘;‘“o” MS 6669.44 13.65 1236.62 76979.24 7.65 19.52 0.001 0.001
F 375.86 287.46 224.94 14.03 30.33 84.31 177.98 26.37
) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DF 2 2 2 2 2 2 2 2
Buffer solution Type MS 184.52 0.33 56.66 19992.86 1.09 1.11 0.00 0.00
(B) F 10.39 7.019 10.30 3.64 432 4.79 3555 152
) 0.00 0.001 0.00 0.02 0.01 0.01 0.00 0.21
DF 3 3 3 3 3 3 3 3
Dose (D) MS 22555 0.33 78.77 13523288.39 398.75 329.64 0.002 0.009
F 1271 6.97 14.33 2465.28 1581.20 1423.76 58155 228.84
) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DF 2 2 2 2 2 2 2 2
B MS 240.19 0.16 8.32 65396.59 0.39 1.081 0.00 0.00
F 1353 341 151 11.92 154 855 0.47 4.92
) 0.00 0.03 0.22 0.00 0.21 0.00 0.62 0.009
DF 3 3 3 3 3 3 3 3
MIXD MS 14314 0.11 29.45 1802307.37 55.33 26.05 0.001 0.002
F 8.06 2.35 535 328.55 219.43 11255 226.83 50.02
) 0.00 0.07 0.002 0.00 0.00 0.00 0.00 0.00
DF 6 6 6 6 6 6 6 6
BxD MS 150.41 0.03 4.33 10616.29 0.80 051 0.00 0.00
F 847 0.76 0.88 193 3.20 221 18.98 857
) 0.00 0.596 0.506 0.08 0.006 0.04 0.00 0.00
DF 6 6 6 6 6 6 6 6
MKBXD MS 145.12 0.03 6.49 4103352 0.80 118 0.00 0.00
F 817 0.69 118 7.48 317 511 330 4.69
) 0.00 0.65 0.32 0.00 0.006 0.00 0.005 0.00
Error DF 120 120 120 120 120 120 120 120
MS 17.744 0.047 549 5485.48 0.25 0.23 0.000004 0.000041
M 1.39 0.07 0.77 24.44 017 0.16 0.0006 0.0021
B 1.70 0.09 0.95 29.93 0.20 0.19 0.0008 0.0026
D 197 0.10 1.09 34.56 0.23 0.23 0.0009 0.0030
LSD (0s) MXB 2.41 0.12 1.34 42.33 0.29 0.28 0.001 0.003
MXD 2.78 0.14 155 4388 033 0.32 0.001 0.004
BXD 3.40 0.18 1.90 59.87 0.41 0.39 0.001 0.005
UXTXD 4.82 0.25 2.68 84.66 057 055 0.002 0.007
Coefficient of Variation (%) 4.63 11.15 5.04 13.82 18.73 15.37 20.99 21.95

IGR; Germination rate, 2MGT; mean germination time, 3GRI; germination rate index, “SVI; seedling vigor index, °RL; root length, 6SL; shoot length, "7RDW; root dry weight and 8SDW; shoot dry weight.
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Table 2. Mean comparison of different method of applicatin, buffer solution type and dose of IMI on germination and seedling growth parameters of wheat

Method of  Buffer solution Dose (ppm) IGR 2MGT 3GRI 4SVI SRL 5SL 'RDW SSDw
Application Type

0 99.33 156 5126 1956.24 10.66 9.03 0.024 0.056

40 99.33 167 49.51 136.00 0.64 0.73 0.005 0.028

MES Hydrate  —%g5 9533 169 48.44 13348 0.61 0.79 0.004 0.013

60 98.67 1.69 49.19 120.63 0.56 0.66 0.004 0.009

Mean 98.17 165 49.60 586.59 3.12 2.80 0.0096 0.026

0 98.67 1.66 49.22 172637 8.81 8.68 0.034 0.077

40 96.67 168 48.43 165.49 0.77 0.95 0.006 0.011

Phosphate buffer 50 98.33 177 47.81 139.73 059 0.83 0.004 0.013

N , 60 98.00 170 48.84 111.09 0.44 0.69 0.003 0.010

|g-|:rrrtrj1l|(r:1ladt?0n in Mean 97.92 1.70 4857 535.67 2.66 279 0.012 0.028

o im 0 98.67 154 51.28 175515 9.81 7.98 0.031 0.052

40 97.33 157 50.34 14561 0.63 0.87 0.005 0.014

Pure water 50 98.00 1.64 49.60 143.06 0.59 0.88 0.004 0.014

60 96.00 161 49.69 177.72 0.81 105 0.006 0.016

Mean 97.50 159 50.23 555.39 2.96 2.70 0.012 0.024

0 98.89 159 50.59 1812.58 9.76 8.56 0.030 0.062

20 97.78 164 49.43 149.03 0.68 0.85 0.005 0.018

Mean 50 97.22 1.70 48.62 138.76 0.60 0.83 0.004 0.013

60 97.56 1.66 49.24 136.48 0.61 0.80 0.004 0.0122

Mean 97.86 165 49.47 559.21 201 276 0.011 0.026

0 85.33 1.08 44.29 991.60 579 585 0.005 0.046

40 7433 213 44.85 28127 135 244 0.006 0.031

MES Hydrate 50 76.67 2.29 40.91 278.20 141 218 0.004 0.028

60 8133 2.14 4173 274.07 133 2.05 0.002 0.032

Mean 79.42 214 42.95 456.29 247 313 0.004 0.034

0 90.33 232 45.85 1173.30 562 7.36 0.014 0.045

40 95.33 222 45.06 350.71 130 2.38 0.005 0.023

Phosphate buffer 50 80.00 250 39.90 286.37 134 2.25 0.005 0.022

60 80.00 2.56 39.76 266.47 120 212 0.007 0.023

Pre-application to Mean 86.42 2.40 42.64 519.21 2.37 3.53 0.008 0.028

seed Herbicide 0 90.33 201 47.01 1126.48 535 7.09 0.013 0.043

40 90.67 2.16 46.39 44333 173 3.18 0.006 0.030

Pure water 50 92.33 2.33 4557 429.25 172 2.92 0.006 0.030

60 7433 252 41.97 254.62 127 2.15 0.004 0.026

Mean 86.92 225 45.04 56342 252 3.84 0.007 0.032

0 88.67 2.10 45.72 1097.13 558 6.77 0.011 0.045

40 86.78 217 45.43 358.44 146 267 0.006 0.028

Mean 50 83.00 237 42.13 33128 149 245 0.005 0.027

60 78.56 241 4115 265.05 127 211 0.004 0.027

Mean 84.25 2.26 43.61 512.97 2.45 3.50 0.007 0.032
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Table 2. continued

Method of Buffer solution Dose (ppm) IGR MGT SGRI sV *RL 5SL 'RDW 8SDW
Application Type

0 92.33 177 4778 1473.92 8.23 7.44 0.014 0.051

40 86.83 1.90 47.18 208.63 .00 158 0.005 0.029

MES Hydrate =55 86.00 199 4468 205.84 101 149 0.004 0.020

60 90.00 191 45.46 197.35 0.95 136 0.003 0.020

Mean 88.79 1.89 46.27 52144 2.80 297 0.007 0.030

0 9450 1.99 4753 144983 721 8.02 0.024 0.061

40 96.00 195 46.75 258.10 104 166 0.005 0.017

Phosphate buffer 50 89.17 213 43.86 213.05 0.97 154 0.004 0.018

60 89.00 213 44.30 183.78 0.82 141 0.005 0.016

Mean Mean 92.17 2.05 45.61 52744 251 3.16 0.010 0.028

0 94,50 178 49.15 1440.81 758 754 0.022 0.048

40 94.00 1.86 48.36 29447 118 2.03 0.006 0.022

Pure water 50 95.17 1.08 4759 286.16 115 1.00 0.005 0.022

60 85.17 2.06 45.83 216.17 1.04 1.60 0.005 0.021

Mean 92.21 192 4773 559.40 274 327 0.010 0.028

0 93.78 185 48.15 1454.86 7.67 7.67 0.020 0.053

40 92.28 1.90 47.43 253.73 107 176 0.005 0.023

Mean 50 90.11 2.03 4537 235.02 1.04 1.64 0.005 0.020

60 88.06 204 45.20 200.77 0.94 145 0.004 0.019

Mean 91.06 1.96 46.54 536.00 2.68 3.13 0.009 0.029

IGR; Germination rate, 2MGT; mean germination time, *GRI; germination rate index, *SVI; seedling vigor index, °RL; root length, 6SL; shoot length, 'RDW; root dry weight and 8SDW; shoot dry weight.
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Figure 1: Determination Of The Herbicide Dose To Be Used For Selection, Application To Seed; A: Adding Herbicide To The Germination Water; B: Deep
Soaking For 24 Hours In Herbicide Solution.



4. Discussion

Weeds compete with cultivated plants in terms of water, mineral substances and area and cause
yield losses at various rates. Weeds cause a decrease of approximately 30% in wheat yield. One of the
effective ways to combat weeds is the use of chemicals herbicide. However, for a system in which all
weeds are removed as a result of the use of herbicides and only the wheat plant survives, the appropriate
selection method is at the beginning of this process.

This research was carried out to determine the optimum dose for in vivo selection of the effect of
imazomax herbicide on wheat germination and seedling growth. At the end of the examinations, it was
observed that the control applications in all solutions caused an increase in the MGT and a decrease in
all of the other examined properties in the 24-hour waiting process. The probable reason for this may be
that the substances in the seed and necessary for germination passed into the environment by diffusion,
thus reducing the germination rate of the seed. At the end of the examinations made in the form of the
application in which the herbicide is kept continuously in the germination medium, it was observed that
there was no difference between the control applications of the buffer solutions. When the herbicide
doses were compared according to the average of the buffer solutions, an increase in MGT was observed
due to the increase in the herbicide dose, and a significant decrease was observed in other features other
than this feature. Again, the effect of the herbicide was more on the characteristics of the grass (root and
shoot length and weight), which are closely related to plant growth rather than seed germination. At the
end of the examinations made in terms of these properties, the most growth and development inhibition
occurred in the medium prepared in phosphate buffer solution and containing 60 ppm imazomax.

Imidazolinones are one of five families of chemical herbicides that inhibit AHAS. The other four
families are sulfonylurea, triazolo pyrimidine, Pyrimidinyl thiobenzoates, and sulfonyl amino-
carbonyltriazolinones (Pang et al., 2002). Imidazolinones include imazapyr, imazapic, imazetapir,
imazamox, imazametabenz, and imazaquin. As the names suggest, all imidazolinones have an imidazole
moiety in their molecular structure (Hershey et al., 1999). In field studies in the USA, it has been reported
that the imidazolinone herbicide is effective in the control of Aegilops cylindrica in wheat fields,
Sorghum bicolor and Sorghum halepense, which is difficult to control in corn fields (Shaner et al., 1984).
Also, Brassica kaber, Pluchea camphorata, Bromus secalinus, Lolium multiflorum. and Echinochloa
crusgalli, it has been determined that it can be used successfully in the control of many weeds in the rice
field (White and Hackworth, 1999). Plants resistant to midazolinones, sulfonylureas,triazolopyrimidines
and pyrimidyloxybenzoates can be found in maize (Zea mays L.) (Newhouse et al., 1991), Arabidopsis
thaliada (L.) Heynh (Mourad et al.,1993), sugar beet (Beta vulgaris L.) (Wright and Penner 1998),
canola (Brassica napus L.) (Swanson et al., 1989a), cotton (Gossypium hirsutum L.) (Rajasekaran et al.,
1996), soybean (Glycine max L.) (Sebastian et al., 1989), tobacco (Nicotiana tabacum L.) (Creason and
Chaleff 1988), and bread wheat (Newhouse et al., 1992).

In line with the results obtained above, it was recommended to germinate the seeds for herbicide
resistant selection in a germination medium prepared in phosphate buffer solution and containing 60
ppm imazomax.
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Article Info ABSTRACT

This study evaluated the effects of two different pumpkin genotypes (C-26 and C-27)
Article History on root growth parameters and some nutrition element concentrations under drought
Received: 20.01.2022  stress conditions. The research was carried out in five replications. Both genotypes are
Accepted: 22.06.2022 negatively affected by drought stress. However, it was determined that the C-26
Published: 30.06.2022  4onq1vne’showed a more significant decrease in root growth rates than C-27 (48%).
However, while was an increase in root fresh and dry weights in the C-26 genotype,

Keywords: there were decreases in the C-27 genotype compared to the control. A proportionally
Pumpkins more significant decrease in Ca, Mg, and Na contents in the C-26 genotype was
Drought, . observed with drought stress. In the amount of K, the C-27 genotype showed a
g?g\%ﬁ”d solution, significant decrease compared to C-26. Having information about the contents of plant

nutrients in drought conditions in plants with economic potential such as zucchini can

Climate ch .
mate change help control plants' growth and development under these conditions.

Kuraklhik Stresine Maruz Birakilan iki Kabak (Cucurbita pepo L.)
Genotiplerinin Kok Biiyiime ve Element I¢eriklerin Belirlenmesi

Makale Bilgileri oz

M .. Bu calismada, iki farkli kabak genotipinin (C-26 ve C-27) kuraklik stresi kosullarinda
akale Gecmisi .. e . . . . . . [P

Gelis: 20.01.2022 kok biiylime parametreleri ve bazi besin elementi konsantrasyonlar iizerindeki etklle_rl

Kabul: 22.06.2022 degerlendirilmistir. Arastirma bes tekerriirlii olarak gergeklestirilmistir. Her iki genotip

Yayin: 30.06.2022 de kuraklik stresinden olumsuz etkilenmistir. Ancak C-26 genotipinin kok buyume

oranlarinda C-27'ye gore daha belirgin bir (48%) diisiis gosterdigi tespit edilmistir.
Anahtar Kelimeler:  Ancak, C-26 genotipinde k6k yas ve kuru agirliklarinda artis olurken, C-27 genotipinde

Kabak, kontrole gore diisiisler olmustur. Kuraklik stresi ile C-26 genotipinde Ca, Mg ve Na
Kuraklik, igeriklerinde 6nemli bir azalma oldugu goriilmiistiir. K miktarinda, C-27 genotipi, C-
H9g_|_and soltsyonu, 26'ya gore daha fazla bir diisiis gostermistir. Kabak gibi ekonomik potansiyele sahip
gcgﬁmdséisikligi bitkilerde kuraklik kosullarinda bitki besin elementlerinin igerikleri hakkinda bilgi sahibi

olunmasi, bu kosullar altinda bitkilerin biiyiime ve gelismesini kontrol etmeye yardimci
olabilir.
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Different plant genotypes that regulate the performance and distribution depend on how these
methods are regulated and the water uptake and nutrients. Drought, one of the most important abiotic
stresses and leading to a negative impact on environmental factors, is an important limiting factor in crop
yields and sustainable agricultural lands worldwide (Kusvuran and Dasgan, 2017). At the beginning of
these factors, the human factor increases the greenhouse gas concentration in the atmosphere, causing the
Earth's average surface temperature to warm up. As a result, the average temperature will likely increase
by 1.4-5.8°C by the end of this century (Heinemann et al., 2017). These increases in surface temperature
will indirectly increase precipitation amounts but will not benefit from precipitation due to increases in
drought frequency, intensity, and duration (Sallam et al., 2019). Therefore, the plant's response to drought
stress primarily depends on the severity and duration of the stress and the plant's growth parameters.
Under stress conditions, certain physiological and biochemical processes may be disrupted in the plant,
such as photosynthetic parameters, photosynthesis rates and proteins, amino acids and other organic
compounds.

Environmental factors such as drought can cause nutrient deficiencies even in previously fertilized
farmland, as the physicochemical properties of the soil can result in reduced mobility and absorption of
nutrients. Plant nutrients are chemical elements required for plant growth and reproduction, mainly
obtained from the soil in inorganic ions. Except for K and Ca, all macronutrients are associated with
important organic compounds such as amino acids and proteins (N and S), nucleic acids (N and P),
phospholipids (P), and chlorophyll (Mg). Drought can also have a substantial effect on plant nutrient
uptake.

For example, a recent study (He and Dijkstra, 2014), showed that drought stress reduces nitrogen
(N) and phosphorus (P) concentrations in plant tissue, and many other studies have reported that drought
reduces nutrient uptake from the soil (Cramer et al., 2009; Sardans and Pefiuelas, 2012). Reductions in
nutrient uptake during drought can occur for various reasons, including reduced nutrient supply through
mineralization and reduced mass flow by nutrient diffusion in the soil (Fierer and Schimel, 2002;
Sanaullah et al., 2012).

This study aimed to reveal the changes in root growth and some nutrition elements of the drought
caused by polietilen glikol (PEG) applications under hydroponic conditions of pumpkin genotypes, which
are known to have different responses to drought (Turkmen, 2016).

2. Material and Methods

Two pumpkin genotypes, C-26 (Drought tolerance) and C-27 (Drought sensitive) were grown in
controlled hydroponic growth conditions where photoperiod, light intensity, temperature, and humidity
were set to 16/8 hrs day/night, 14000 lux/day, 21+1 "C, and 45-55%, respectively. The pumpkin seeds
were sterilized with 5% sodium hypochlorite for 10 min and thoroughly rinsed 3 times with sterile
deionized water (dI-H20). After germination, both pumpkin genotypes were placed in the computer-
controlled research hydroponic system. After surface sterilization, seeds were imbibed for 2 h, put on
humid filter papers in petri plates, and then kept at 4°C overnight. Germinated seeds were floated on nylon
net in 0.5 mM CacCl, solution at 25°C under dark and the seedlings were transferred to 1/5 Hoagland
solution (pH 6.0) in a continuously aerated growth room. When the plants reached the first three-leaf
stage, 1/5 Hoagland solution containing PEG 6000 was applied to pumpkin genotypes.

26



Eregli Journal of Agricultural Science

Photo 2.1 Growth stages of plants and growing conditions

In order to determine the drought dose to be used in this study, 5%, 6%, and 15% PEG applications
pre-treatment on pumpkin genotypes, and after it was determined that (look at the growth parameter) the
most appropriate dose was 6% (photo 2.2).

Photo 2.2 PEG applications at different concentrations

In the study, drought stress groups (6% PEG 6000) were formed with the control group (Hoagland
solution group). This study, which will investigate the effects of pumpkin genotypes on osmotic stress
tolerance, was established as five replications and prepared as a total of 20 pots (photo 2.3).

C-26 C-26 C-26 C-26 C-26

Control
C-27 c-27 c-27 c-27 c-27
P E G C-26 C-26 C-26 C-26 C-26
C-27 Cc-27 C-27 c-27 c-27

Photo 2.3 Experimental Plans
The following studies were carried out on the samples of the harvested zucchini genotypes in order
to achieve the goals stated in the drought conditions;
» Measurement of growth parameters
» Analysis of Na, K, Ca and Mg in plants

Roots and shoots of harvested pumpkin genotypes were separated at O day, and the 10th day and
root length and fresh weight were measured. After drying the samples at 70 OC for 72 hrs, root dry weights

were measured.
Na, K, Ca, and Mg contents were determined by ICP-AES device (Inductively Coupled Plasma

Atomic Emission Spectrometer)-(Varian-Vista, axiel) (Burt, 2004).
3. Results and Discussion

Global warming, which occurs as a result of anthropogenic increases in greenhouse gases worldwide, is
expected to increase in evapotranspiration rates together with a decrease in precipitation in many parts of the
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world in the coming years, resulting in increased drought. In addition to affecting plant root growth and
development, drought also negatively affects plant root Ca, Mg, Na, and K concentration (%) (Bista et al., 2018).

mC-26 mC-27

100,00

50,00

Root Length (cm)

0,00
Control Drought

Figure 1. Effects of exogenous PEG on plants root length

Plant growth is one of the most fundamental processes in vegetables of economic value and is significantly
affected by environmental variables, including the water stress factor. Therefore, the plant growth rate has always
been an essential indicator of plant vitality and plant response to environmental stress (Dobbertin, 2005). In
general, drought stress showed an inhibitory effect on the growth rate of plants (Skirycz and Inzé, 2010; Zlatev
and Lidon, 2012). In this study, no significant change was observed in the C-27 genotype with the application of
drought in root length, while a 48% decrease was observed in the C-26 compared to the control. However, in root
fresh and dry weights, while the C-26 genotype increased compared to the control, decreases were detected in the
C-27 genotype (Figure 1-2).

HC-26 WC-27 HC2 mC2/

10,00 0,40
0,30

5,00 0,20
mo N
0,00 0,00

Control Drought Control Drought

Root FW (g plant )
Root DW (g plant "1)

Figure 2. Effects of exogenous PEG on plants flesh and dry (FW-DW) weight

In the study, drought stress significantly reduced Na concentration by 44-51% and K concentration by 39-
48% in drought-sensitive and sensitive squash seedlings. Although excessive Na accumulation in the plant under
stress conditions (especially salinity) is known to have a toxic effect, as the plant adapts to stress conditions, Na
can be split into vacuoles, and partitioned Na can be used for osmotic adjustment to reduce water potential and
increase drought resistance. Furthermore, as can be seen from Hofmeister's cation sequence, Sodium has lower
substitution power than K* and higher affinity with anionic groups as carboxyl groups of proteins (Vrbka et al.,
2006). Therefore, it often disrupts the positive roles of K* in living cells. Due to high frequency, similar valence
electron in the outer shell, similar hydrated ion radius, and lack of high-performance discriminative antiporters
(Maathuis and Amtmann, 1999), Na* interferes with K* uptake and translocation. It can also increase plant
performance by being involved in osmotic regulation in the vacuole (Mengel and Kirkby, 2001). This role of Na*
is even more important in drought conditions where total nutrient uptake is reduced and in water deficit conditions
where Na* toxicity is not an issue. Most studies emphasize the necessity of reducing Na* under stress conditions
in order to maintain a high K*/Na* ratio in the intracellular space. (Maathuis and Amtmann, 1999). Although
changing the K*/Na" ratio under drought stress is not the main concern, increasing this ratio may facilitate plant
survival and growth under this condition. Six sorghum cultivars under drought stress caused to decrease the
content of these monovalent cations in both root and shoot, while increased sodium content in roots of drought-
tolerant cultivars and potassium content remained constant (Achakzai, 2011). Plants that can absorb more K* in
the intracellular space and maintain a higher K*/Na* ratio can improve the adverse effects of drought on water
relations and organic and inorganic solute accumulation in different organs (Nandwal et al., 1998).
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Figure 3. Effects of exogenous PEG on K and Na content

K* content in the roots of pumpkin seedlings showed a positive correlation with root growth parameters
(Figure 3). Some studies have suggested that the K* content in roots and shoots is independent and shoot K*
content is related to transpiration. In contrast, variations in root K* content are not related to leaf transpiration rate
(Fayyaz et al., 2013). Therefore, plants with high K* can absorb more water under drought stress (El-Hadi et al.,
1997). In general, K" uptake increases in the early stages of drought stress and may decrease with higher drought
stress.

mC-26 mC-27 mC-26 mC27
0,30 0,70
0,25
0,65
¥ 020 !
o R
2 015 ‘© 0,60
o
0,10
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0,05
0,00 0,50
Control Drought Control Drought

Figure 4. Effects of exogenous PEG on plants Mg and Ca content

Crops need several essential nutrients to achieve their growth potential, and the reduced availability of such
nutrients affects their development and crop production. Drought interrupts the supply of essential trace elements
in the soil, resulting in an imbalance or reduction in nutrients in plants (Hu and Schmidhalter, 2005). This may be
the result of poor root growth or poor mobility of elements in the soil. The reduced availability of nutrients in a
drought-stressed plant may result from impaired absorption of nutrients, excretory mechanisms, and decreased
transpiration flow. In our current study, although decreases in Mg contents were observed in both genotypes under
drought conditions, the highest decrease was detected in the C-26 genotype (Figure 4). Although the magnesium
concentration caused a decrease in both genotypes under drought stress, the highest decrease was detected in the
C-26 genotype. The increase in drought stress decreased the plant root Mg concentration. A previous study found
that the Mg concentration in tomato plants (Lycopersicon esculentum Mill.) decreased under drought stress.
(Nahar and Gretzmacher, 2002). In drought conditions, K increased the relative moisture content of the leaves in
Carthamus tinctorius; however, magnesium has been reported to reduce this (Vafaie et al., 2013). The use of Mg
has a significant effect on the chlorophyll content of leaves and has a negative effect on the amount of Ca in safe
flow (Vafaie et al., 2013). Although there was a decrease in the C-26 genotype for Ca concentration compared to
the control under drought conditions, no change was observed in the C-27 genotype. When drought stress was
applied to the C-26 genotype, the Ca concentration decreased and reached a lower level than the control plants.
Bharambe and Joshi (1993) found that the absorption of N, P, K, Ca, and Mg by sorghum was negatively affected
by drought. Ca concentrations in tomatoes differed by culture, and drought decreased Ca content (Nahar and
Gretzmacher, 2002). Ca ions are important secondary messengers that stimulate essential physiological functions
in cells in response to drought stress and are required in almost all stages of plant growth and development. In
this direction, it is seen that the C-27 genotype increases the survival possibility of the plant under drought stress
conditions by keeping the Ca concentration under control conditions. Ca also plays an essential role in regulating
the growth of polar cells and tissues and in the plant's adaptation to stress. This element influences abscisic acid
(ABA)-induced stomatal closure and adaptation of plants to drought stress (Song et al., 2008). In addition to these,
Tadayyon, Nikneshan, and Pessarakli (2018), in their study, found that potassium (K), magnesium (Mg), calcium
(Ca), sodium (Na), iron (Fe), copper (Cu) and zinc (Zn) contents were measured and found to be significantly
affected in many castor oil plants under drought stress.

4. Conclusion
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The growth and element contents of the two different pumpkin plants analysed showed significant
differences under drought conditions. Among the essential nutrients measured, the Drought stress Ca, Mg, and
Na contents decreased more in C-26 compared to C-27. On the other hand, it was determined that K decreased
more in C-27 genotype compared to C-26. The fact that the amount of Ca in the C-27 genotype did not change in
drought conditions compared to the control is a piece of evidence that the plant's survival potential and resistance
to stress increase. Knowing the changes in essential plant nutrients under drought conditions of this plant with
economic value may be essential for plant growth and growth potential in arid lands.
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1. Introduction

Spinach (Spinacia oleracea L.) is an edible flowering plant from the Amaranthaceae family
(Chenopodioideae subfamily), which is native to central and southwestern Asia and may survive over winter in
temperate regions. Among leafy vegetables, spinach is characterized by having higher concentrations of vitamins
A, B, E, and K, as well as calcium, magnesium, phosphorus, iron, and potassium (Kawashima and Soares, 2003;
Mohebodini et al., 2017; Olaoye, 2021). In addition, it is known that vitamin C contains high amounts of oxalic
acid, which is a secondary metabolite (Morelock and Correll, 2008). Depending on the use, spinach leaves are
broadly divided into three types: (i) savoy type (used for fresh market purposes), (ii) processing type (smooth leaf
type with flat, unwrinkled, and spade-shaped leaves), and (iii) baby spinach, which is preferably used in salads due
to its taste and delicate structure (Avsar, 2011; Decoteau, 2000). Morphological characteristics of spinach such as
color, leaf size, and smoothness of leaves are important for industrial targets.

New varieties are required due to growing conditions, consumer demands, and disease resistance in
spinach. However, these requirements are being developed by multinational companies. With regard to the
country's interests, it is a necessity to develop spinach varieties suitable for domestic producer and consumer
demands. However, in order to use the genetic potential of different germplasmas, it is necessary to know their
genetic variations (Morelock and Correll, 2008; Sabaghnia et al., 2015).

The evaluation of genetic diversity acts as a starting point for the establishment of “a core collection.” Here,
the whole variability in the collection is represented in a small subset of accessions (Sabaghnia et al., 2015). Spinach
genotypes present interesting adapted traits, so the knowledge of diversity among spinach genotypes is critical in
breeding programs and for the conservation of genetic resources (Liu et al., 2019; Sabaghnia et al., 2015). This
study was based on a doctoral thesis carried out at Selcuk University, the Institute of Science and Technology, the
Department of Horticulture. In this context, the study presents the agro-morphological characteristics of 157 S2-
level spinach germplasm collections of the gene pool created.

2. Material and Methods

This study was carried out in the research and application greenhouse of Selcuk University, the Faculty of
Agriculture in the 2018 spring semester. In the study, using IPGRI (International Plant Genetic Resources Institute)
parameters, green color density in the leaf blade, swelling in the leaf blade, lobed in the leaf blade, attachment on
the petiole, petiole length, leaf blade position, leaf blade shape, leaf blade edge, leaf blade apex shape, longitudinal
shape of the leaf blade, number of leaves and agro-morphological observations such as leaf fragility were
investigated (Table 1).

Results and Discussion

Agro-morphological studies are known to be the simplest and easiest way of taxonomic description of
plants (Smith et al., 1991). They have also been reported to be a basic requirement for the effective use of plant
material by plant breeders (Barro-Kondombo et al., 2010). Within the scope of the study, 157 genotypes belonging
to the S2 level were subjected to agro-morphological observation. The distribution ratios of the criteria belonging
to the morphological characteristics are given as percent (%) in all genotypes.
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Table 1. Agro-morphological Observations of the S2 Level

Genotype no (S2)

10

11

12

13

14

15

16

17

1k-1

1k-3
2k-1
2k-2

3k-1

3k-2

5k-1
5k-4

5k-5

6k-1

6k-3

7k-2

10a-4

10a-5

10b-4

10b-5

15k-1

A

Mid

Mid

Little

Mid

Mid

Little

Little

Mid

Mid

Mid

Mid

Mid

Dark

Mid

Mid

Mid

Mid

Absent/ Very
little

Little
Mid
Mid

Little

Absent/ Very
little

Little
Little

Little

Little

Little

Little

Little

Little

Little

Little

Absent/ Very
little

Absent/ Very
little

Little
Mid
Mid
Little
Absent/ Very
little
Mid
Little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Little

Absent/ Very
little

Absent/ Very
little

Little

Semi-erect

Semi-erect
Semi-erect

Semi-erect

Semi-erect

Erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Horizontal

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Tall

Tall

Tall

Mid

Mid

Short

Mid

Mid

Mid

Short

Short

Short

Short

Mid

Mid

Mid

Mid

Semi-erect

Semi-erect
Semi-erect

Horizontal

Erect

Erect

Horizontal

Semi-erect

Semi-erect

Horizontal

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Horizontal

Triangular

Triangular
Triangular
Ovate
Mid
Elliptical
Mid
Elliptical
Triangular

Ovate

Ovate

Ovate

Ovate

Ovate
Mid
elliptical
Mid
elliptical
Mid
elliptical
Mid
elliptical
Mid
elliptical

Curved

Curved
Curved

Smooth

Curved

Smooth

Curved

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Pointy

Pointy
Chump

Circular

Chump

Chump

Pointy

Circular

Circular

Circular

Chump

Pointy

Circular

Chump

Chump

Chump

Chump

Flat

Flat
Convex

Flat

Flat

Flat

Convex

Flat

Convex

Convex

Flat

Flat

Flat

Convex

Convex

Convex

Convex

Mid

Mid

Mid

Mid

Mid

Low

Mid

Mid

Mid

Mid

Low

Mid

Mid

Little

Little

Little

Little

Low

Low
Mid
High

Low

Low

Mid

High

Mid

Low

Mid

High

High

Mid

Mid

Mid

Mid
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

16k-3

19a-5

19b-5

19c¢-2

19c¢-3

19k-4

23k-2

23k-3

24k-1

24k-2

24k-5

3la-1

31b-3

3lc-1

31d-4

31d-5

31k-2

32a-5

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Little

Mid

Mid

Mid

Mid

Mid

Little

Mid

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Mid
Mid

Absent/ Very
little

Little

Little

Absent/ Very
little

Little
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little

Absent/ Very
little
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little
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little
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little
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little
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little
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little
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little
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little

Absent/ Very
little
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little
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little

Horizontal

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect
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140 61c-5 Mid Abs?irglle\/ery Abse“ntzevery Horizontal Tall Horizontal Ovate Smooth Circular Convex Mid Mid
141 62a-3 Little Mid Little Semi-erect Tall Semi-erect Triangular Curved Chump Convex Mid High
142 63b-4 Mid Abs?irglle\/ery Abse“ntzevery Semi-erect Tall Horizontal Ovate Smooth Circular Convex Mid Mid
143 63k-2 Mid Absai:lille\/ery Mid Semi-erect Tall Semi-erect Triangular Ripple Chump Convex Mid High
144 64a-2 Mid Little Absiﬂze\/ery Semi-erect Mid Semi-erect Ovate Smooth Chump Flat Mid Mid
145 64c-5 Mid Abs?irglle\/ery Mid Semi-erect Tall Semi-erect Triangular Ripple Curved Convex Mid High
146 64d-3 Mid Mid Little Semi-erect Tall Semi-erect Eﬁir[?t?(cjal Curved Chump Convex High High
147 67a-5 Mid Abssiirglle\/ery Absel?tze\/ery Erect Tall Erect Triangular Ripple Pointy Flat Low High
148 67b-4 Dark Abs?irglle\/ery Abse“ntzevery Erect Tall Erect Triangular Ripple Chump Convex Mid High
149 67c-1 Mid Little Little Semi-erect Mid Erect EII':/Ipit?caI Curved Chump Flat Mid Low
150 67c-4 Little Abssiirglle\/ery Absel?tze\/ery Erect Short Erect Elll;/lpit(ijcal Smooth Chump Flat Low Low
151 67d-5 Dark Abs?irglle\/ery Abse“ntzevery Erect Tall Erect Triangular Ripple Pointy Convex Mid High
152 67k-1 Dark Abs??ti/le\/ery Abs??tge\/ery Erect Tall Erect EII':/Ipit?caI Ripple Pointy Convex Mid High
153 70k-3 Dark Mid Absel?tze\/ery Horizontal Tall Horizontal Ovate Ripple Circular Convex Mid Mid
154 71a-5 Dark Mid Abse“ntzevery Erect Tall Semi-erect Elll;/lpit(ijcal Ripple Chump Convex Mid High
155 71b-2 Dark Abs??ti/le\/ery Little Erect Tall Erect EII':/Ipit?caI Ripple Chump Convex Mid High
156 71c-2 Dark Abssiirglle\/ery Absel?tze\/ery Semi-erect Tall Semi-erect Triangular Ripple Pointy Convex Mid High
157 71d-4 Mid Little Little Erect Tall Erect Triangular Ripple Chump Flat Mid High
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A: Green color intensity in the leaf blade; B: Blistering of the leaf blade; C: Lobed leaf blade; D: Petiole attitude;
E: Petiole length; F: Leaf blade stance; G: Shape of the leaf blade; H: Edge of the leaf blade; I: Shape of apex in
the leaf blade; J: Longitudinal shape of the leaf blade; K: The number of leaves; L: Leaf fragility

According to the morphological observations regarding the green color density in the leaf blade
of the spinach genotypes belonging to the S2 level, 1.2% of the genotypes had very little color, 13.3%
had little color, 71.3% had medium color, and 14% had dark color. Leaf color is highly significant in
leafy vegetables, as this parameter is a desirable and marketable feature in spinach cultivation (Eftekhari,
Hasandokht, FatahiMoghadam, & Kashi, 2010; Sabaghnia et al., 2015). This is because dark green color
is considered an important feature for consumers when choosing fresh or frozen spinach
(Brandenberger, Wells, & Haigh, 2004). Researchers reported that green color in spinach is usually
associated with chlorophyll a and b pigments, which inhibit the appearance of carotenoid pigments
(Kidmose, Edelenbos, Christensen, & Hegelund, 2005; Wang, Chen, Stamps, & Li, 2005). Kose (2018),
when looking at the green color intensity of the leaf blades of 50 spinach genotypes, determined nine of
the genotypes as light, 28 as medium, 12 as dark, and one (Spi 151/93 genotype) as very dark green.
Mohebodini et al. (2017) stated that 54 spinach accessions can be helpful for the development of new
varieties for use in breeding programs by characterizing their morpho-agronomic properties. When the
blistering of the leaf blades is considered, 47.1% have no or very little, 22.9% have little, 26.1% have
medium, and 3.8% have very strong blistering. Blistering in the leaf blade is a consumer demand that
varies according to the market condition of spinach. The lobedness of the leaf blade among genotypes
was also investigated. While 54.7% of them had no or very little lobedness, moderate lobe was observed
in 13.3% of them. When we look at petiole attitude, 41.1% of 157 S2-level spinach genotypes were
observed to be erect, 41.4% semi-erect, and 17.1% horizontal. Petiole attitude is one of the principles of
mechanical harvesting, and genetic improvement of this parameter during the selection of the S2 stage
was one of the objectives of this study. In a study on spinach, 91.7% of the leaf lobes were found to be
slightly deep and 5.6% to be medium-deep, while the attachment to the petiole was determined as
horizontal in 50% and erect in 33.3% of the leaf lobes (Arif, Jatoi, Rafique, & Ghafoor, 2013). In the
petiole length evaluations, it was determined that 8.9% was short and 91.1% was medium length. It has
been stated that petiole length is considered to be a commercial factor for the production of canned
spinach, especially in addition to machine harvesting (Sabaghnia et al., 2015). Leaf blade posture is a
significant feature of fresh market and cultural processes of spinach. Of 157 spinach genotypes, 32.4%
were erect, 39.4% were semi-erect, 22.9% were horizontal, and 5% were semi-pendulous. Spinach is
grown primarily for its fresh leaves, and leaf and leaf area determine the yield performance. When the
shape of the leaf blades was examined, it was determined that 40% of 157 spinach genotypes were
triangular, 33.7% were ovate, 18.4% were mid-elliptic, and 7% were wide elliptic. Furthermore, dry
weight is one of the desired properties for spinach processing and packaging, and it has been reported
that high dry matter is directly related to the width of leaf structure in spinach (Arshi, 2000; Eftekhari
et al., 2010). Another study reported that there was a positive correlation between yield, leaf area, and
the number of leaves in spinach (Abolghasemi, Haghighi, Etemadi, Soorni, & Jafari, 2019). The apex
shape in the leaf blades varied among genotypes, with 21.6% of them being pointy, 51.5% chump, and
26.7% rounded. As for the form of the leaf blade edge, it was observed that 41.4% were ripple, 31.8%
were smooth, and 26.7% were curved. The longitudinal shape of the leaf blades was determined to be
flat in 38.2% and convex in 61.7% of the genotypes. The observational value of leaf numbers was
determined to be low in 13.3%, mid in 80.2%, and high in 6.3% of the genotypes. Regarding the current
study, Abolghasemi et al. (2019) and Asadi and Hasandokht (2007) reported that the longitudinal shape
of the leaf blade in spinach is an important part of the yield, together with the leaf width and the number
of leaves. Another report on the subject stated that the harvest of marketable spinach plants depends on
the size and number of leaves. Also, this is related to the length of the growth period and the effectiveness
of the ambient warm conditions (Pandey & Kalloo, 1993). Morphological evaluations of leaf fragility
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indicated a low fragility level in 28%, medium in 35.6%, and high in 36.3% of 157 genotypes. Rashid
et al. (2020) conducted a field trial to investigate the genetic diversity of spinach germplasm from 30
different countries by using 21 agro-morphological features, six of which are quantitative and 15 of
which are qualitative.

4, Conclusions

In this study, differences were observed between genotypes, especially with respect to plant
height and leaf characteristics (both quantitative and qualitative). Based on this, it was predicted that it
would be beneficial to create a breeding program to increase the leaf yield of 157 spinach genotypes
observed in terms of leaf characteristics.
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Makale Bilgileri 0z

Makale Geemisi Bu ¢alismada, mor havug Niive ID 300 iklimlendirme test kabininde sabit 65 °C sicaklikta
Gelis: 21.029. 20;2 kurutularak kaynar suya daldirma 6n isleminin etkisi aragtirilmigtir. Kuruma siiresi, kuruma oran,
Kabul: 24.06.2022 rehidrasyon, renk, sertlik ve efektif diflizyon parametreleri agisindan en uygun kurutma yontemi
Yayin: 30.06.2022 arastirilmistir. Uygulanan 6n islemin mor havucun kuruma siiresini 6nemli diizeyde azalttig1 tespit

edilmigtir. Kaynar suya daldirma 6n iglemi uygulanan 6rnekler 5.5 saatte, 6n islemsizler (kontrol)
Anahtar Kelimeler: ise 6.5 saatte kurumustur. Tazeye en yakin (p<0.05) renk degerleri kaynar suya daldirildiktan sonra

Kurutma _Is_l_emi, kurutulan 6érneklerde tespit edilmistir. En yiiksek su alma kapasitesi kaynar suya daldirilan 6n
E,fekt: Difiizyon, islemi uygulanan érneklerde belirlenmistir. Kontrol drneklerinin efektif difiizyon degeri 4.10x10-
or Havug,

10 m?/s ve kaynar suya daldirilan &rneklerde ise 4.31x1071° m?/s olarak hesaplanmistir. Kurutma
modelleri arasinda kuruma verilerini en iyi Polinomial Cubic modeli (R?: 0.9999) tahmin etmistir.
Uygulanan kaynar suya daldirma 6n islemi havu¢ 6rneklerinin kuruma siiresini azalttigi, renk
degerlerini kontrole gore daha iyi korudugu ve efektif difiizyon degerlerini hizlandirdig: tespit
edilmigtir. Elde edilen bulgulara gére mor havug 6rneklerinin kurutulmasi islemlerinde kaynar
suya daldirma 6n isleminin uygulanmasi hem kuruma kinetigi hem de kalite 6zellikleri agisindan
Onerilmektedir.

Matematiksel
Modelleme.

The Effect of Hot Water Soaking Process on Quality Characteristics and

Drying Kinetics Parameters: The Example of Purple Carrot
Article Info ABSTRACT

Arti . In this study, the effect of pretreatment was investigated by drying purple carrots at a constant 65

rticle History o - . T f - -

Received: 21.02.2022 C temperature in a Nuve ID 300 air-conditioning test cabinet. The most suitable drying method

Accepted.: 2a06.0022  Was investigated in terms of drying time, drying rate, rehydration, color, hardness and effective

Published: 30.06.2022 diffusion parameters of the samples. It was determined that the pre-treatment application
significantly reduced the drying time of the purple carrot. Carrot samples, which were pre-treated

Keywords: by dipping into boiled water before drying, dried in 5.5 hours, while control samples (without pre-
Drying process, treatment) dried in 6.5 hours. The color values closest to fresh (p<0.05) were determined in the
Effective diffusion, dried samples after immersion in boiling water. The highest water absorption capacity was
Purple carrot, determined in the samples with pre-boiled water treatment. The effective diffusion value of the
Mathematicial control samples was calculated as 4.10x10° m?/s and the samples dipped in boiling water as
modelling. 4.31x10° m?/s. Among the drying models, the Polynomial Cubic model (R2: 0.9999) estimated

the drying data best. It has been determined that the pre-treatment of dipped in boiled water reduces
the drying time of the carrot samples, protects the color values better and accelerates the effective
diffusion values. According to the findings, it is recommended to apply dipping pre-treatment in
boiled water in terms of both drying kinetics and quality properties in the drying processes of purple
carrot samples.
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1. Giris

Umbelliferae familyasina ait iKi yillik bir bitki tiirii olan havucun bilimsel adi Daucus carota olarak
adlandirilmaktadir (Biilbiil ve Haciseferogullari, 2016). FAO’ya gére Diinya’da mor havucunda dahil oldugu
Diinya’da toplam havug iiretimi miktar1 44.80 milyon tona ulastig1 bildirilmistir (FAOSTAT, 2021; Polat ve ark.,
2022). Mor havug Tiirkiye‘de ozellikle I¢ Anadolu bolgesinde Konya ili Eregli ve Karapmar ilgelerinde
yetistirilmektedir. Yiiksek miktarlarda, fermente edilmis icecek olarak tiiketilmektedir. Uretimin yaklasik %20°si
salgam ve %801 ise konsantre sanayisinde kullanilmaktadir. Taze olarak tiiketimi ise oldukga diisiik diizeydir. Mor
havu¢ kumlu topraklarda iyi yetismekte ve icerdigi antosiyanin igeriginden dolay1 koyu kirmizi-mor rengini
almaktadir (Y1lmaz, 2019).

Mor havugta, kuru madde (142.3-159.6 g/kg), protein (7.0-13.8 g/kg), mineral olarak ise demir (4-5 mg/kg),
kalsiyum (478-650 mg/kg), potasyum (1790-2220 mg/kg), fosfor (252-310 mg/kg) ve sodyum (298-447 mg/kg)
gibi besin ve mineral maddeleri bulunmaktadir (Tatoglu 2014; Yesiloren-Akal, 2019). Mor havug ortalama %86-
89 civarlarinda nem igerigine sahiptir.

Nem igerigi yiiksek olan havug hasattan sonra kisa bir siirede bozulmaya baslar. Bu nedenle hasattan sonra
tiikketilmeli ya da muhafaza edilerek raf omrii uzatilmalidir. Kurutma iyi bir muhafaza yontemidir ve 0rin
igerisindeki yiiksek nem miktarinin bozulmadan korunabilecegi kritik nem seviyesine diisiirerek bu esnada tirtiniin
kimyasal, fiziksel ve biyolojik 6zelliklerinde degismelerin olustugu, kontrollii sartlarla gergeklesen bir kiitle ve 1s1
difizyon olayidir (Polatc1 ve Tagova, 2020). Mor havucun kurutulmasi cips tretiminde, ¢orba, pire gibi gidalarin
hazirlanmasinda kullanilmaktadir (Santos ve ark., 2021). Kurutma islemlerinde birgok farkli yontem
uygulanmaktadir. En eski yontemler arasinda agikta (giineste-g0lgede) kurutma yontemidir. Bu yontemde sicaklik
kontrolii edilememekte ve ¢evre kosullarinin dezavantajlarindan dolay1 kalite diismekte ve hijyenik olmayan
urtinler elde edilebilmektedir. Bu sebeple agikta kurutma yontemlerine alternatif olarak konvansiyonel sicak havali
kurutma yontemleri kullanilmaktadir. Kurutma islemlerinde hemde iiriinlerin fiziksel 6zelliklerini korumak hemde
kuruma siiresini azaltmak i¢in tarimsal iirlinlere bazi 6n islemler uygulanmaktadir. Bu 6n islemler kuruma
esnasinda meydana gelen olumsuz etkileri minimize etmeye veya durdurmaya yardimei olmaktadir (Lewicki ve
Gupta, 1995; Soomro ve ark., 2020). Ricce ve ark. (2016), ¢aligmalarinda 4 mm kalinliginda dilimledikleri havug
orneklerine 25 kHz degerinde ultrason 6n islemi uygulanmigtir. Ultrason 6n islemi havug 6rneklerinin kuruma ve
rehidrasyon kinetigini hizlandirdigini tespit etmislerdir. Mierzwa ve ark. (2017), ¢alismalarinda ultrason destekli
ve desteksiz olmak Uzere fruktoz c¢oOzeltisine daldirma on isleminin havu¢ kurutma islemine olan etkisini
arastirmiglardir. Yapilan on islemlerin kuruma kinetigine istatistiksel acidan onemli bir etki etmedigi fakat
kurutulan 6rneklerin kalite degerlerini korumasi agisindan énemli bir etkisinin oldugunu tespit etmislerdir. Al-
Amin ve ark. (2015), ¢alismalarinda havug drneklerini %0.1, 0.2 ve 0.3’liikk sodyum meta bi-sulfit ¢ozeltileri ve
kaynar suya daldirma &n islemlerinin etkisini arastirmuslardir. On islemlerin kurutulan havug dilimlerinin
rehidrasyon, kuruma siiresi ve efektif difiizyon degerlerini 6nemli diizeyde etkiledigini bildirmislerdir.

Bu caligmada; daire seklinde 45+2 mm kalinhiginda dilimlenen havu¢ ornekleri, Nive ID 300
iklimlendirme test kabininde kaynar suya daldirma 6n islemi uygulanarak ve uygulanmayarak (kontrol) 65 °C
sicaklikta kurutulmustur. Kurutulan mor havug 6rnekleri i¢in en uygun ince tabakali kuruma modeli, kuruma
performansi, rehidrasyon 6zellikleri ve sertlik ve renk degerleri arastirtlmisgtir.

2. Materyal ve Yontem

Deneme Materyali

Calisma materyali olarak mor havuc kullanilnmustir. Uriin Konya ilindeki bir semt pazarindan satin
alinmigtir. Nem tayini ve kurutma islemleri i¢in iyi muhafaza edilmis paket igerisinde Tokat Gaziosmanpasa
Universitesi Biyosistem Miihendisligi kurutma laboratuvarina getirilmistir. Uriinler +4+0.5 °C sicaklikta islemler
sonlanana kadar saklanmastir.
Nem Tayini islemi

Kurutma islemi dncesinde taze mor havucun yas baza gore ilk nem igeriginin belirlenmesi i¢in ortalama
40+0.15 g ornek kullanilmustir. Ornekler yikanmis ve saglam olanlar 45+2 mm kalinhiginda daire seklinde
dilimlendikten sonra nem tayini i¢in sabit 70 °C sicaklikta agirlik degisimi sabitlenene kadar kurutulmustur
(Yagcioglu, 1999). Yas ve kuru baza gore nem igerigi degerleri 1 ve 2 numarali esitlikler kullanilarak
hesaplanmustir.

W, — W 1)
Ny = Tl x 100
W, — W,
Ny = ITS x 100 @)
S
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Burada; Ny: Yas baza gore nem (%), Nk: Kuru baza gore nem (%), Wi: Yas ornegin agirhigi (g), Ws:
Kuru 6rnegin agirlhig: (g).
Kurutma Yoéntemi

Kurutma iglemi baglamadan 6nce +4 °C saklanan mor havug ortam sicakliiyla dengelenene kadar oda
ortaminda bekletilmistir. Homojen renkte olanlar segilerek kurutma islemi i¢in 45+2 mm kalinliginda daire seklinde
dilimlenmistir. Kaynar suya daldirma 6n islemi i¢in 6nce elektrikli su 1sitica su kaynatilmistir. Kaynatilan su daha
genis ve derin bir tabaga dokiilerek dilimlenen havuglar su igerisine konulmustur. Kaynar su icerisinde 15 dakika
bekletildikten sonra drneklerin kaba sular1 kagit havlu ile kurulanmistir. Kontrol ve 6n islem uygulanmis 6rnekler
daha sonra Niive marka ID300 model iklimlendirme cihazinda 65 °C sicaklikta kurutulmustur. Kurutma islemleri
ticer paralel halinde yapilmis ve her paralelde ortalama 21+2 g mor havug kullanilmistir. Kurutucu igerisindeki
iiriinler belirlenen zaman araliklarinda ¢ikartilip 0.01 g hassasiyete sahip AND marka GF-3000 model bir terazi ile
tartim islemleri gergeklestirilerek iirtin nemi yas baza gore %10-14 seviyesine kadar kurutulmustur (Polatci ve ark.,
2020).
Renk Olgumii

Taze ve kurutulmus mor havug 6rneklerinin L, a ve b degerleri Minolta marka CR300 model renk 6lcer
cihazi 6l¢iilmistiir. Bu degerler kullanilarak kroma, hue, kahverengilesme indeksi ve toplam renk degisim degerleri
hesaplanmustir.

Kroma degeri, rengin doygunlugunu gostermektedir. Canli renklerde yiiksek degerler hesaplanirken
solgun renklerde diigiik degerler hesaplanmaktadir. Kroma degeri 3 numarali esitlik kullanilarak hesaplanmaistir.

Hue degeri, olgiilen kirmizilik ve sarilik degerleri kullanilarak hesaplanan bir renk radyantimi ifade
etmektedir. Hue degeri 4 numarali esitlik kullanilarak hesaplanmistir.

C = (a? +b?)1/? (3)

h' =tan™! (Z—:) @

Toplam renk degisim degeri (AE): Taze mor havucun renk degerlerini kurutma islemleriyle ne kadar
degistigini belirlemektir. Toplam renk degisim degerini 8 numarali esitlik kullanilarak hesaplanmistir (Celen ve
ark., 2015).

AL = Ltaze — L2 ()
Aa = azze —a (6)
Ab = biaze —b (7)
AE = /AL2 + Aa? + Ab2 (8)

Kahverengilesme indeks degeri (BI): Kurutulan tim meyvelerin kahverengilesme indeks degeri 9 ve 10
numarali esitlikler kullanilarak hesaplanmaktadir (Plou ve ark., 1999). Bu esitlik tiim kurutma islemlerinde
biyolojik materyal yiizeyinde gerceklesebilen kahverengilesme degerini belirtir. Bu deger mor havuca uygulanan
kurutma iglemi sonunda gergeklesen kahverengilik degerini belirtmektedir.

a+(1,75xL) 9)

[(5,645xL) + (a— (3,012 xb))]

[100(x — 0,31)] (10)
0,17
Rehidrasyon Degerleri
Calisma kapsaminda kurutma islemi sonrasi mor havuglar 25 ml’lik beherlerde bekletilmistir. Yapilan 6n
islemin rehisrasyon orani ve kapasite parametrelerine etkisi arastirilmistir. Kurutulan mor havug 6rneklerinin
rehidrasyon orani (RO) 11 numarali esitlik kullanilarak hesaplanmistir (Ertekin ve Yaldiz, 2004). Kurutulan mor

havug drneklerinin rehidrasyon kapasiteleri (RK) ise 12 numarali esitlik kullanilarak belirlenmistir (Chen ve ark.,
2017).

Bl =

M, (11)
RO = M
M, — M 12
RK:(ZM—l)Xloo (12)

1
Bu esitliklerde; M> herhangi bir t siiresi anindaki nemli {iriinlin agirligini, M kuru iiriiniin ilk agirligini

temsil etmektedir. M, nemlendirilmis tirtiniin agirligini, M ise kuru iiriiniin ilk agirligini belirtmektedir.
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Efektif Diflizyon Degerlerinin Belirlenmesi

Kurutma islemlerinde tiriinlerden nemin uzaklasmasi Fick yasasinin ikinci kanunu ile agiklanmaktadir. Bu
kanun siireye bagli olarak uzaklasan nemin birim zamanda yayilan alan miktarin1 belirtmektedir. Efektif difiizyon
degeri hesaplanirken {iriin doku yapisinin korundugu ve nemin sadece diflizyon yoluyla ortamdan uzaklastigi
varsayimi kabul edilmektedir. Bu deger 14 numarali esitlik kullanilarak hesaplanmistir (Crank, 1979; Tiirker ve
Isleroglu, 2017).

M-M, 8 ® 1 , T2 Deget (13)
MR =0, ~ EZFO an+ 1z P |Gt DT
—_ 18 2D g et (14)
INMR = In— -—=

Burada; Dess efektif difiizyonu (m?/s), L trin dilim kalmliginin (m) yarisini ifade etmektedir. t ise {iriiniin
kuruma suresini gostermektedir.
Kuruma Modeli

Kurutulan mor havug drneklerinin sureyle baglantili olarak uzaklasan nem orani degeri 15 numarali esitlik
kullanilarak hesaplanmaistir.

M- M, (15)
ANO = My = M,
ANO: Ayrilabilir nem orani
M: Kurutulan materyalin anlik nem igerigi (g nem/g kurumadde)
Me: Kurutulan materyalin verilen durumdaki denge nemi (g nem/g kurumadde)
Mo: Kurutulan materyalin ilk nem igerigi (g nem/g kurumadde)

Kuruma egrilerini olusturmak i¢in literatiirde yaygin olarak kullanilan Lewis, Yagcioglu, Wang-Singh,
Midilli-Kuguk, Page, Modified Page ve Polynomial Cubic-Quadratic-Linear ince tabakali matematiksel modeller
secilmistir. Modelleri olusturmak i¢in SigmaPlot10.0 paket programi kullanilmistir. Modellere ait esitlikler asagida
verilmistir.

Lewis = ANO = exp(—k.t) (Lewis, 1921) (16)

Yagcioglu = ANO = k.exp(—h.t) +j (Yagcioglu, 1999) a7
Wansg-Singh = ANO = 1 + k.t + h.t? (Wang ve Singh, 1978) (18)
Midilli-Kiigik = ANO = h.exp(—j.t¥) + (m.t) (Midilli ve ark., 2002) (19)
Page = ANO = exp(—k = (h%)) (Page, 1949) (20)

Modified Page = ANO = exp(—(k * t)") (Overhults ve ark., 1973) (21)
Polynomial Cubic =ANO = y,+ a*x+b*x? + cxx3 (SigmaPlot 10.0) (22)
Polynomial Quadratic = ANO = y, + a * X + b * x2 (SigmaPlot 10.0) (23)
Polynomial Linear = ANO = y, + a * X (SigmaPlot 10.0) (24)

Kuruma Hiz

Mor havug 6rneklerinin kuruma hiz degerlerine sicakliklarin etkisi belirlenmistir. Kuruma hiz degerlerini
hesaplamak i¢in 25 numarali esitlik kullanilmagtir.

KH = M- Mgyqe / dt (25)

Burada: My; t anindaki nem igerigi (g nem/g kuru madde ), dt; dakika, KH; kuruma hiz1 (g nem/g kuru
madde. dakika).
Istatistiksel Analiz

Kurutulmus orneklerle tazeleri arasindaki istatistiksel farki (p<0.05) belirlemek i¢cin SPSS23 programi
kullanilarak ¢oklu karsilagtirma testi (Duncan) yapilmustir.

3. Bulgular ve Tartisma

Kuruma Verileri

Kurutulmus mor havucun toplam nem igerigi %84.52 olarak belirlenmistir. ismail, (2017) yaptig1 kurutma
calismasinda havug dilimlerinin ortalama nem igerigi ortalamasini %87.50 olarak tespit etmistir. Bu deger hasat
sonrasinda bozulmadan uzun siire muhafaza edilebilmesi i¢in giivenli olmayip ortalama %10 nem seviyelerine
kadar kurutulmasi gerekmektedir (Keskin ve ark. 2021). Yapilan kurutma isleminde kuruma siiresinin azaltmak ve
bazi kalite degerlerini artirmak icin mor havug érneklerine &n islem uygulanmstir. On islem uygulanmis (kaynar
suya daldirma) ve 6n islemsiz (kontrol) 6rneklerin kuruma siireleri incelendiginde 6n islemin kuruma siiresini
azalttig1 tespit edilmistir. Kontrol ve 6n islem uygulanmis mor havug érneklerin kuruma siireleri sirasiyla; 5.5, 4.5
saat olarak bulunmustur.
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Kurutma Parametrelerine Ait Degerler
Kurutulan mor havug 6rneklerine ait havucun kuruma hizi ve kuruma oranlar1 Sekil 1” de verilmistir.

. Kuruma hizi Kuruma orani
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Sekil 1. Mor havug orneklerine ait kuruma hizi egrileri ve kuruma kinetigi

Sekil 1 ’e gore kurutma sicakliklarinin kuruma hiz degerlerine etkisinin énemli oldugu goriilmiistiir. Kaynar
su (95£2°C) (Yapilan islem sirasinda sicaklik ka¢ drece idi? Sicaklikta diisme olmadi m1? parametereler metot
kisminda detayli agiklanmali). Bu 6n isleminde yapilan kurutma isleminin kuruma hiz degerleri 0.0310-0.0097 g
nem/g kuru madde.dakika arasinda degistigi belirlenmistir. On islemsiz (kontrol) olarak yapilan kurutma isleminde
ise bu deger 0.0342-0.0034 g nem/g kuru madde.dakika arasinda degistigi tespit edilmistir. Ismail (2017), yaptig1
calismada havug 6rneklerine farkli 6n islem uygulayarak kurutma igslemi yapmustir.

Renk Degerleri

"L" degeri orneklerin parlaklik degerini ifade ederken 0-100 arasinda degerler almaktadir. "a" degeri
kirmizi-yesil ve "b" degeri ise sari-mavi renkleri temsil etmektedir. Bu degerler (+) isaretli ise “a” degeri kirmizi
“b” degeride sar1 renkte oldugunu (-) isaretli degerler alirsa “a” yesil ve “b” mavi renkte oldugunu gostermektedir
(McGuire, 1992). Taze ve kurutulmus mor havug 6rneklerinin Sl¢iilen ve hesaplanarak belirlenen renk degerleri
Cizelge 1 ’de verilmistir.

Cizelge 1. Mor Havug Orneklerine Ait Olgiilen ve Hesaplanan Renk Degerleri

Kurutma L a b C Hue AE Bl
Yontemi

Taze 18.42+1.77°¢ 14.70+1.472 -3.40+0.86P 15.10+1.572 -12.91+2.44P - -
Kontrol 30.32+2.052  13.35+2.55% -1.00+1.182 13.43+2.56° -4.13+5.072 21.82+1.392  25.81+4.85°
On islem 22.28+1.30° 11.91+2.50° -4.76%0.76° 12.87+2.455 -22.49+5.08°  16.40+1.04>  14.45%6.94°

Cizelge 1 ’e gore kurutulmus 6rneklerin L, a ve b degerlerinde taze havuglara gore istatistiksel agidan bir
fark (p<0.05) bulunmustur. On islem uygulandiktan sonra kurutulan &rneklerin parlaklik degerleri tazeye gore
istatistiki agidan daha yakin olarak bulunmustur. Kurutulan 6rneklerin tazeye gore parlaklik degerlerini yiikselttigi
tespit edilmigtir. Demiray (2015), yaptigi tez ¢calismasinda farkli kurutucular ile havug ve kapya biberi kurutmustur.
Sicak hava ile kuruttugu havug o6rneklerinin renk degerleri incelendiginde L parlaklik degerini 65 °C kurutma
sicakliginda 32.84+1.64 olarak bulmustur. Bu deger ¢alismadakki degerle istatistiksel agidan en yakin olarak tespit
edilmistir. Kurutulan érneklerin kroma degerleri kendi aralarinda incelendiginde istatistiki agidan (p<0.05) bir fark
olmadig tespit edilmistir. Kaynar su 6n isleminin hue degerlerini artirdigi tespit edilmistir. Toplam renk degisimi
degerleri incelendiginde en fazla renk degisimi kontrol uygulamasinda belirlenmistir. En disiik BI
(kahverengilesme indeksi) degeri kaynar su on isleminde hesaplanmistir. Sonuglara gore hesaplanan ve olglilen
parlaklik renk degerleri agisindan 6n islem uygulandiktan kurutulmalarinin istatistiksel (p<0.05) agidan daha uygun
oldugu belirlenmistir.

Rehidrasyon Parametreleri ve Sertlik Degerleri

Kurutulan tarimsal tiriinlerin tekrardan su alma miktarlarinin yiiksek diizeylerde olmasi istenir. Bu durum
kuru iiriiniin kullanildig1 gida ortamina tadini ve aromasini birakmasi i¢in arzu edilen bir sebeptir. Kurutulan
gidalarm rehidrasyon kinetiginin arastirildigi ¢alismalarda rehidre olaymda kullanilan suyun sicakligi da
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rehidrasyon parametrelerini (rehidrasyon orani, kapasitesi ve hizi) énemli diizeyde etkiledigi belirtilmektedir.
Kurutulan mor havug orneklerine ait rehidrasyon agirlik degisim degerleri Sekil 2 *de verilmistir. Calismada
uygulanan 6n islemin kurutulan mor havug 6rneklerinin rehidrasyon degerlerine etkisinin dnemli oldugu tespit
edilmistir. En yiiksek su alma kapasitesi 6n islem uygulandiktan sonra kurutulan 6rneklerde tespit edilmistir.

Konftrol ve kaynamis su &n islemli rehidrasyon degeleri
45
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3,519

3,01

2514

Oran
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Sekil 2. Kurutulan mor havug drneklerine ait rehidrasyon kinetigi

Kurutulan mor havug¢ orneklerine ait sertlik rehidrasyon orami ve rehidrasyon kapasite degerleri
Cizelge 2 *de verilmistir. Cizelge 2 ’ye gore sertlik degerleri agisindan kiyaslandiginda tazeye en yakin (p<0.005)
kuru 6rneklerin 6n islem uygulananlarda tespit edilmistir. Rehidrasyon orani agisindan her iki yontemde kurutulan
orneklerin birbirine oldukc¢a yakin degerler aldig1 belirlenmistir. Rehidrasyon kapasitesi agisindan ise kurutulan 6n
islemsiz drneklerin kaynar suya bandirilan 6rneklere gore daha yiiksek oldugu bulunmustur.

Cizelge 2. Mor Havug Orneklerine Ait Sertlik, Rehidrasyon Orani ve Kapasitesi Degerleri

S RO RK
Taze 57.87+3.80° - -
Kontrol 63.30+7.392 4.20+0.53 76.04+£3.22
Daldirma 6n islemi 59.50+6.74% 4.20+0.47 75.97+2.84

Efektif difiizyon degerleri
Kurutulan mor havug 6rneklerine ait siireye bagli alinabilir nem oranlarinin (ANO) In ANO degerleri Sekil
3 ’de verilmistir.

Sire (saniye)

1,00

0,00 ®

100 15000 20000 25000
o y = -0,0002x + 0,2882
<ZE 22,00 R? = 0,962
£

-3,00

°
-4,00 y =-0,00021x + 0,3453 ®
500 R?=0,9176

eKontrol  ®On islem

Sekil 3. In ANO degerleri

On islemin efektif difiizyon parametrelerine etkisi Cizelge 3 *de verilmistir.
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Cizelge 3. Efektif Difuzyon Degerleri

Kurutma Yontemi Efektif Diftizyon (m?%/s)
Kontrol 4.10x10*°
Kaynar suya daldirma 6n iglemi 4.31x10™°

Cizelge 3 "e gore kaynar su 6n iglemi efektif difizyon degerlerini etkilemistir. Kurutulan mor havug kontrol
orneklerinin efektif difiizyon degeri 4.10x10™° m?/s ve kaynar su 6n islem &rneklerinin efektif difiizyon degeri ise
4.31x10™ m?/s olarak hesaplanmistir. On islem uygulamasi efektif difiizyon degerini artirmistir. Doymaz (2018)
siyah havuca 6n islem uygulamasi yaparak kurutma islemi gergeklestirmistir. Caligmasinda efektif difiizyon katsay1
degerlerini 1.41x10® m?s ile 7.41x10® m%s arasinda degistigini tespit etmistir. Bu ¢alismadaki bulguyla
kiyaslandiginda farkli bir 6n igslem uygulanarak efektif difiizyonun daha fazla hizlanmasina katki saglanmistir. Kilig
ve Tabanligil-Calan (2020), yaptiklar1 ¢alismada 50-60 °C kurutma sicakliklarinda 6n islem uygulanarak kirmizi
kapya biber kurutmuslardir. On islemin efektif difiizyon katsayisinin &n islemsiz (kontrol) uygulamaya kiyasla daha
yiiksek oldugunu tespit etmislerdir. Bu durum, 6n islemin materyalin kurumaya kars1 gosterdigi direnci azalttigi ve
kuruma kinetigini hizlandirdig: diistiniilmektedir.

Matematiksel Modelleme Verileri

Kurutulan mor havug oOrneklerine ait matematiksel modelleme degerleri Cizelge 4 ve Cizelge 5 ’te

verilmistir.

Cizelge 4. On Islemsiz (kontrol) Modelleme Egyitliklerine Ait Veriler

Model esitlikleri R? p k h j M Y0 a b C
Midilli-Kugtik 0.9998  <0.0001 1.0899 0.9999 0.4193 -0.0109 - - -
Yagcioglu 0.9997  <0.0001 1.1399 0.3888 -0.1319

Page 0.9990  <0.0001 0.4290 1.1909 -

Wang-Singh 0.9991  <0.0001 -0.3708 0.0353 -

Modified Page 0.9990  <0.0001 0.4913 1.1909 -

Lewis 0.9950  <0.0001 0.4933 - - - - - -
Polynomial Cubic 0.9999  <0.0001 - - - 1.0002 -0.4044 0.0554 -0.0026
Polynomial Quadratic 0.9993 <0.0001 - - - 0.9857 -0.3600 0.0337 -
Polynomial Linear 0.9621 <0.0001 - - - 0.8575 -0.1774 -

Cizelge 4 'e gore, en yiiksek R? degeri Polynomial Cubic model esitliginde 0.9999 olarak bulunurken, en
diisiik R? degeri ise Polynomial Linear model esitliginde 0.9621 olarak belirlenmistir. Belirlenen tiim modellerin
kullaniminin istatiksel agidan giivenli (p<0.05) oldugu bulunmustur.

Cizelge 5. On Islemli (kaynar su) Modelleme Egsitliklerine Ait Veriler

Model esitlikleri R? p k h j m Y° a b C
Midilli-Kuglk 0.9996 <0.0001 1.1042 0.9955 0.3175 -0.0380 - - - -
Yagcioglu 0.9996 <0.0001 1.4983 0.2400 -0.4962 - -

Page 0.9968 <0.0001 0.3615 1.3361 - - -

Wang-Singh 0.9998 <0.0001 -0.3396 0.0270 - -

Modified Page 0.9968 <0.0001 0.4670 1.3361 - -

Lewis 0.9855 <0.0001 0.4625 - - - - - -
Polynomial Cubic 0.9998 <0.0001 - - 0.9946 -0.3247 0.0188 -0.0012
Polynomial Quadratic 0.9998 <0.0001 - - - - 0.9979 -0.3376 0.0267

Polynomial Linear 0.9885 <0.0001 - - 0.9283 -0.2180

Cizelge 5 'e gore, en yiiksek R?degeri Polynomial Cubic-Quadratic ve Wang Sing model esitliginde 0.9998
olarak bulunurken, en diisiik R? degeri ise Lewis model esitliginde 0.9855 olarak belirlenmistir. On islem uygulanan
orneklere ait tiim kuruma modellerinin kullaniminin istatistiksel agidan giivenli (p<<0.05) oldugu bulunmustur.

4. Sonug

Kaynar suya daldirma 6n islemi mor havug dilimlerinin kuruma siirelerini azaltig1 belirlenmistir. Bununla
birlikte kaynar su 6n islemi mor havucun efektif difiizyon degerinide artirici bir etki yaptigi tespit edilmistir. Bu
durum daha erken kuru iiriin elde etme imkani1 sunmasi agisindan 6énemlidir. Taze mor havucun renk degerlerine
istatistiksel agidan (p<0.05) en yakin kaynar su 6n islemi yapildiktan sonra kurutulan 6rneklerde tespit edilmistir.
Ozellikle kurutulan &rnekler parlaklik, toplam renk degisimi ve kahverengilesme indeks degerleri agisindan kontrol
orneklerine gore daha iyi oldugu tespit edilmistir. Bu durum tiiketici agisindan iiriiniin begenirlilligini (albenilligini)
katk1 saglayacaktir. On islem uygulananan mor havug drnekleri tazeye gore istatistiki agidan renk degerlerini daha
iyi muhafaza etmistir. Uygulanan kaynarsu 6n iglemi kurutulan kontrol ¢rneklerinin rehidre olma yetenegine
olumsuz etkilemistir. Rehidrasyon kapasitesi en yiiksek 6n islemsiz (kontrol) kurutulan érneklerde belirlenmistir.
Bu mor havucun kullanilacagi islemlerde materyalin aromasini gosterebilme yetenegi agisindan olumsuz bir durum
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olusturmustur.
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kalite ve verim ozellikleri yoniinden performanslarinin karsilastirilmasi amag¢lanmistir.
i1k hasatlar, fide dikiminden itibaren 68 giin sonra yapilmistir. Meyve uzunlugu, 54.28-
80.49 mm arasinda degisim gostermistir. Meyve ¢api, 47.59-66.52 mm ve et kalinlig1

Biber,
Capsicum annum, 3.55-5.08 mm arasinda bulunmustur. Dolmalik biber genotipleri arasinda bitki basina
Hibrit Cesit, verim ortalamasi 933.4 g olup; en yiiksek 1496 g ile E27 ¢esit adayina ve en diisiik 678

Karakterizasyon,

Cesit Islahs g ile P17 ¢esit adayinda gergeklesmistir. Hibrit biber ¢esit adaylarinda bitki bagina

meyve sayilarinin ortalama 14-22 adet arasinda degistigi belirlenmistir. Bu g¢esit
adaylarinin kurak ve yar1 kurak iklime sahip Konya ekolojisi gibi bolgelerde agik arazi
sartlarinda yetistirilebilecegi ve iilke tarimina katki saglayacagi diistiniilmektedir.
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1. Giris

Biberin gen merkezinin Amerika’nin tropik ve subtropik tilkeleri oldugu bildirilmistir (Salk ve ark.,
2008). Dolmalik biber (Capsicum annuum L.), genellikle tathh biber veya kirmizibiber olarak bilinir.
Genellikle bolmeli ve kalin etli (5-10 mm) meyveleri icerir (Crosby, 2008; Sharma ve ark., 2010). Taze olarak
tiikketilebildigi gibi, dondurulmus, kurutulmus olarak da tiiketilebilmektedir. Ulkemizde 2021 yil1 biber iiretim
miktar1 degerleri tiplere gore incelendiginde ilk siray1 1.445.275 ton ile kapya biberin aldig1 belirlenmistir.
Bu degeri, 1.064.633 ton ile sivri biber, 1.604.69 ton iiretim miktar: ile Carliston biber ve 420.918 ton ile
dolmalik biber grubu izlemistir (TUIK, 2021). Ulkemizde 2019 yil1 &rtiialt1 biber iiretim miktar1 degeri ise
1.129.882 tondur (Ozgen ve Balkaya, 2021; TUIK, 2021).

Biber, diinyada ve iilkemizde degisik sekillerde yogun olarak tiiketilen, bahge ve tarla sebzeciligi
yaninda en onemli sera sebzelerinden birisidir. Ulkemizin hemen her bdlgesinde biber yetistiriciligi
yapilmaktadir. Genis tiir ve tip zenginligine sahip olmasi, degisik sekillerde tiiketilebilmesi ve tarima dayali
sanayi i¢in 6nemli bir hammadde olmas1 biberi one ¢ikaran 6zellikleridir. Biber besin igerigi bakimindan
oldukga yiiksek degere sahiptir. Biberin besin degeri oldukga yiiksek olup, 100 graminda yaklasik % 88 su,
40 kcal enerji, 2.22 g protein, 8.9 g karbonhidrat, 1.56 g toplam lif, 17.7 mg Ca, 1.11 mg Fe, 340 mg K, 6.7
mg Na, 0.08 mg thiamin, 0.08 mg riboflavin, 0.9 mg niasin ve 240 mg askorbik asit bulunmaktadir (Gebhart
ve Thomas, 2002).

Bahce bitkileri yetistiriciliginde iiretilen sebzelerin ¢ogu F1 hibrit ¢esitlerdir. Yapilan ¢alismalar
sonucunda domates, biber, patlican, hiyar, kabak, kavun, karpuz gibi ¢ogu sebze tiirlerinde F1 hibrit ¢esidi
gelistirilmis ve yetistiricilikte kullamilmistir (Gallais ve Bannerot, 1992). Tiirkiye’de biber 1slahi ¢aligmalari
1980’lerde baglamis ve bu ¢alismalar 1s181inda bir¢ok standart ¢esit ortaya ¢ikmistir (Ekiz ve Kemer, 1995;
Inan, 1988; Siirmeli ve Erdogan, 1985; Siirmeli ve Simsek, 1991). Ticari sebze kayit listesinde 2009 yili
itibariyle 82 sivri, 37 carliston, 51 dolma, 32 kapya ve 2 act Meksika biberi olmak iizere toplam 204 biber
¢esidi bulunmaktadir (Anonim, 2019).

Biber, meyve ve bitki bakimindan biiyiik ¢esitlilige sahiptir (Bozokalfa ve Esiyok, 2010). Bu nedenle
birbirinden ¢ok farkli 6zellikteki biber popiilasyonlar: {ilkemizin farkli yerlerine yayilarak zengin genetik
varyasyon olusturmustur. Bitki genetik kaynaklart materyalinin degeri; toplanmis ve koruma altina alinmis
koleksiyonlarin varligindan ¢ok, materyalin 1slahta kullanilabilirligiyle ifade edilir. Materyalin 6zelliklerinin
belirlenmesi 1slahgilarin ¢alisacaklari materyali tanimalar1 agisindan onemlidir. Karakterizasyonu yapilmis
materyalle ¢alismak zaman ve is¢iden tasarruf etmek demektir. Morfolojik varyasyonlarin bitki islahi
caligmalarinda biiyiik bir 6nemi bulunmaktadir. Ciinkii yetistirilen tiirler igerisinde bulunan varyasyonlarin
bilinmesi ve bu varyasyonun dagilis durumu 1slah programlarinin uygulanmasi agisindan ¢ok 6nemlidir (Bliss,
1981). Biber kendine déllenen bir tiir olmasina ragmen degisen oranlarda yabanci tozlasmada rastlanir. Bu
nedenle birbirinden ¢ok farkli 6zellikteki biber popiilasyonlar: iilkemizin farkli yerlerine yayilarak zengin
genetik varyasyon olusturmustur. Meyve ve bitki 6zellikleri bakimindan kullanilabilecek tipler selekte
edilerek standart ¢esit ve hibrit 1slahinda ana birey olabilecek genotipler ortaya ¢ikarilmistir (Bozokalfa ve
ark., 2009). Islah programlarinda nitelikli gen havuzlarinin olusturulmasinin yani sira, elde edilen verilerin
degerlendirilmesinde ¢ok degiskenli analiz yontemlerinin kullanilmas1 yaygin bir uygulama haline gelmistir
(Balkaya ve ark., 2010). Karakterizasyon ¢alismalarinda elde edilen verileri kullanarak tipler arasinda var
olan benzerlik-farkliliklar ve gruplandirmalar kiime (cluster) analizi ve temel bilesen analizi (principle
component analysis) kullanilmak suretiyle kolaylikla gosterilebilmektedir (Balkaya ve Ergiin, 2007; Oliveira
ve ark., 1999; Rivera Martinez ve ark., 2004). Cesitlerin bitki ve meyve oOzelliklerinin birbirleri ile
karsilastirilmasinda temel bilesenler analizi yaygin olarak kullanilmakta bu veriler ile genotipleri tanimlayan
ve ayirt eden 6zellikler belirlenmekte bunun yan sira ayirt edici 6zellikler yoniinden {istiin 6zellikler gosteren
genotipler belirlenebilmektedir (Panayotov ve ark., 2000). Bu ¢alismada, Konya ili ekolojik sartlarinda bazi
F1 hibrit ¢esit adaylarinin verim ve bazi verim unsurlarini belirlenmesi ile daha sonra yapilacak arastirma ve
1slah ¢aligmalarinda yararlanilabilecek sonuglari ortaya koymaktir.

2. Materyal ve Yoéntem

Aragtirma Selguk Universitesi Ziraat Fakiiltesi Arastirma ve Uygulama arazisinde May1s-EylUl
2021 aylar1 arasinda yuriitilmiistiir. Deneme yilina ait iklim verileri deneme arazisinde bulunan iklim
istasyonundan alinmis olup deneme siiresince bazi iklim verileri kayit altina alinmistir. Tablo 1
incelendiginde, en yiiksek sicaklik haziran ayinda 40.3 °C olarak ger¢eklesmistir. En diisiik sicaklik 4.9
°C ile Eyliil ayinda, ortalama sicaklik ise 17.3-23.8 °C arasinda elde edilmistir. En fazla yagis ise
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Agustos ve Eyliil aylarinda meydana gelmistir. Yapilan toprak analizi sonucunda, pH 7.8 organik madde
% 1.2 ve tuzluk problemi olmayan killi-tinl1 yaprya sahiptir.

Tablo 1. Calisma Yapilan Bélgenin Bazi Iklim Verileri

Aylar Maks. Min.Sicakhk. Ortalama Ortalama Yagis (mm)
Sicakhk. (°C) Sicaklik (°C)  Riizgar Hiz1
") (ms™)
Mayis 35.9 6.7 18.4 2.4 2.5
Haziran 40.3 11.2 21.6 0.8 1.4
Temmuz 36.2 13.1 23.8 2.8 5.8
Agustos 35.2 12.8 23.7 2.4 13.4
Eylul 30.2 4.9 17.3 2.3 14.4

Denemede bitkisel materyal olarak Antalya’da farkli sebze tiirlerinde Ar-Ge ¢aligmalar yiiriiten
Selko-Tarim sirketi tarafindan gelistirilen P17, E25, E26, E27 ve E37 kodlari ile tanimlanan bes adet F1
hibrit ¢esit aday1 kullanilmustir.

Erken ilkbaharda toprak islemesi yapilan araziye damla sulama borulari serildikten sonra 5 Mayis
2021 tarihinde sira iizerine fide dikimleri gerceklestirilmistir. Fide dikimleri her genotipten 20 adet, sira
aras1 80 cm ve sira iizeri 50 cm olacak sekilde parseller olusturulmustur. Sulama damlama sulama sistemi
ile bitkinin ihtiyacina gore 5-7 giin araliklarla yapilmustir. Bitkiler belirli bir boya geldiklerinde bogaz
doldurma islemi yapilmis, yabanci ot gelisimine gore 3 defa ¢apalama yapilmistir. Fide dikiminden 15
giin sonra dekara 3.5 kg olacak sekilde MAP (monoamonyum fosfat)ve dekara 400 ml hiimik asit
damlama sulama sistemi ile verilmistir. ikinci giibreleme ise 11 Haziran tarihinde ayn1 oranda hiimik asit
ile dekara 200 g magnezyum siilfat uygulamasi yapilmistir. Fide dikiminden yaklasik on giin sonra toprak
sicakligindaki artis ile kok ¢iiriikliigiine kars1 koruma etkili ticari ismiyle “Luna Tranquility” uygulamasi
damla sulama ile yapilmistir. Cesit adaylarinda hasat biiyiikliigiine gelen meyveler her parselden ayr1 ayri
hasat edilmistir. Ik hasat 18 Temmuzda yapilmis olup, toplam 6 hasat sonunda deneme sonlandirilmistir.
Meyvede 6l¢iim ve gozlemlerin yapilmasi i¢in genotipi temsil eden 10 meyve 6rneklenerek gerekli 6lgiim
ve gozlemler yapilmstir.

Denemede bitki, yaprak ve meyveden alinan 6zellikler Uluslararasi Yeni Bitki Cesitlerini Koruma
Birligi (UPOV) 6zellik belgesine gore belirlenmistir. Bitkilerde; gévde uzunlugu (cm), ana sirgiinde
bogum arasi uzunluk (cm), bogumlarda antosiyonin varligi, bogumlarda antosiyaninin renk yogunlugu,
bogumlarda tiiyliiliik, yapraklarda; yaprak uzunlugu ve genisligi, yaprak rengi degerleri (1, a, b) ve
meyvelerde; bitki basina verim (g), meyve sayisit (adet/bitki) meyve agirligi (g), meyve uzunluk (cm),
meyve ¢ap1 (mm), meyve et kalinligi (mm), meyve sap uzunlugu (mm), meyve sap kalinligi (mm), SCKM
(briks), pH, meyvede antosiyanin renklenmesi, meyve ylizey yapist gibi 6l¢iim ve gozlemler alinmustir.
Denemede farkli genotiplerden alinan rakamsal 6lgiimlerin standart sapmalar1 alinarak yorumlanmustir.
Gozlemsel parametreler ise yiizdelik olarak yorumlanmaya calisilmistir.

3. BULGULAR

Arastirmada 5 farkli F1 biber ¢esit adaymin yaprak ozellikleri birbirinden farkli oldugu
gorlilmiistiir (Tablo 2). Tablo incelendiginde ortalama yaprak uzunlugu 76.39 mm olarak bulunmustur.
En uzun yaprak ise P17 ¢esit adayindan 82.64 mm olarak bulunmustur. Yaprak genisligi incelendiginde
cesitlerin ortalama yaprak genisligi 40.46 mm’dir. En yiiksek yaprak genisligi E26 ¢esit adayindan 42.25
mm olarak tespit edilmistir. Yaprak rengi L degeri ortalamasi 40.22 bulunmus olup, en parlak degere
sahip cesit aday1 41.86 ile E37 ve en diislik parlaklik 38.62 ile E26 Gesit aday1 olarak belirlenmistir.
Yaprak rengi a* degeri ortalamasi -13.67 olup, en yiiksek degere sahip olan gesit aday1 -14.95 ile E37 ve
en diisiik degere sahip gesit aday1 ise -12.52 ile E26°tir. Yaprak rengi b* degeri ortalamasi 20.08 olup, en
yiiksek degerin 22.14 ile E37 gesit adayina ait oldugu ve en diisiik degerin 18.11 ile E26 ¢esit aday1 oldugu
belirlenmistir. “L” degerinin fazla olmas1 parlakligin fazla oldugunu, “a” degerinin negatif olmasi yesil
rengin fazla olusunu, pozitif olarak artigi ise kirmizilik oraninin arttigini, “b” negatif olarak artis1 sari
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rengin, pozitif olmasi ile mavi rengin yogunlugunun arttigin1 belirtmektedir (Bosland, 1993). “L”
degerinin fazla olmasi parlakligin fazla oldugunu, “a” degerinin negatif olmasi yesil rengin fazla olusunu,
pozitif olarak artis1 ise kirmizilik oraninin arttigini, “b” negatif olarak artisi sar1 rengin, pozitif olmasi ile
mavi rengin yogunlugunun arttigin1 belirtmektedir (Bosland, 1993). Basak (2019), yaptig1 ¢alismada
yaprak uzunlugu ve genisligi (cm) ortalamalarini sirasiyla 6.20-3.63 cm olarak tespit etmistir. Yapilan
baska bir ¢alismada toplam 8 tip ve 129 adet biber ¢esitlerinde yaprak genislikleri gesitlerin cogunda dar
olarak belirlenmis (% 47.3), genis olan gesitler ¢ogunlukla blok ve dolma tiplerde (% 14), ¢cok dar olan
cesitler ise kil/siis tiplerinde (% 10.9) gézlenmistir. Baska bir ¢alismada 67 adet biber genotipinde; yaprak
eni 2.5 cm ve yaprak boyu 4.8 cm olarak tespit etmislerdir (Kanal ve Balkaya, 2021).

Tablo 2. Konya Ekolojik Kosullarinda Bazi F1 Dolma Biber Cesidi Adaylarinin Bazi Yaprak Ozellikleri

Yaprak Yaprak

Uzunlugu  Genisligi  Yaprak Yaprak Yaprak

(mm) (mm) L* a* b*
P17 82.64+8.37 41.284+6.07 38.99+1.92 -13.5+1.28 18.43+4.02
E27 68.66+10.55 38.76+6.60 40.54+4.54 -13.34+2.75 19.98+6.00
E26 73.50£6.40 42.25+5.61 38.62+1.87 -12.52+1.07 18.11+1.68
E25 71.74+6.60 38.3614.30 41.10+2.94 -14.06+2.42 21.74+5.01
E37 85.43+£3.26 41.674#5.30 41.86+1.70 -14.95+0.84 22.14+2.44
Ortalama 76.394 40.464 40.222 -13.674 20.08

Tablo 3 incelendiginde bitki boylar1 arasinda farkliliklar gozlemlenmistir. Ortalama bitki boyu
uzunlugu 68.24 cm olup, en uzun bitki boyuna sahip olan ¢esit adayinin E37 oldugu belirtilmistir. Bogum
aras1 uzunlugu incelendiginde, ortalama uzunluk 6.84 cm olup en uzun bogum arasi uzunluguna sahip
cesit aday1 8.8 cm ile P17 olmustur. Bogumlardaki antosiyanin renklenmesine bakildiginda tiim c¢esit
adaylarinda renklenmenin oldugu gézlemlenmistir. Bogumlar arasi renk yogunlugu ii¢ genotipte orta ve
iki genotipte zayif olarak ortaya ¢ikmustir. Bogumlarda tiiyliiliik tiim genotiplerde yok olarak ortaya
cikmustir. Basak (2019) ve Mutlu ve ark. (2009) yaptiklari ¢alismada bogumlarda tiiyliiliik oranlarini %98
ve %85 zayif olarak bulmuslardir. Arastirma sonuglari, bogumlarda tiiyliiliigiin birbirine benzer sonuglar
ortaya koydugunu gostermistir. Kanal and Balkaya (2021), gévde antosiyanin renklenmesi yoniinden
yaptiklar1 incelemede; genotiplerin %16.5’inde antosiyanin renklenmesinin olmadigini belirlemislerdir.
C. baccatum biber genotiplerinin %34.3’iinde az yogunlukta, %32.8’inde ¢ok yogun, %16.4’{inde orta
yogunlukta antosiyanin renklenmesinin oldugu belirlemislerdir.

Tablo 3. Konya Ekolojik Kosullarinda Farkli F1 Biber Cesidi Adaylarimin Bazi Morfolojik Ozellikler

A B C D E
P17 62.2+4.17 8.8+0.44 Var Orta Yok
E27 68.2+4.91 8.6+£2.07 Var Orta Yok
E26 68.2+7.52 5.1+0.89 Var Orta Yok
E25 67.0+3.80 4.8+1.15 Var Zayif Yok
E37 75.6+3.78 6.9+1.24 Var Zay1f Yok

Ortalama 68.24 6.84
Aciklamalar: A (G6ovde Uzunlugu, cm); B (Ana siirgiinde bogum arasi uzunluk, cm); C(Bogumlarda
antosiyonin); D (Bogum arasi renk yogunlugu); E(Bogumlarda tiiyliiliik)

Tablo 4 incelendiginde bitki bagina verim ortalamasi 933.4 g olup, en yiiksek 1496 g ile E27 cesit
aday1 ve en diisiikk 678 g ile P17 gesit aday1 oldugu belirlenmistir. Bitki basina ortalama meyve sayist 19
olarak belirlenmis olup en fazla meyve sayis1 22 ile P17, E27 ve en az meyve sayist ise 14 ile E26 cesit
aday1 olarak tespit edilmistir. Meyve uzunlugu ortalama 68.52 cm olarak tespit edilmis olup en fazla
uzunluk 80.49 mm ile E37 ¢esit aday1 tespit edilmistir. Ortalama meyve ¢ap1 54.74 mm olarak tespit
edilmis olup en yiiksek meyve gap1 66.52 mm ile P17 gesit aday1 ve en diisiik meyve ¢ap1 47.59 mm ile
E26 ¢esit aday1 tespit edilmistir. Ortalama meyve et kalinligi 4.28 mm olarak saptanmistir ve en yiiksek
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meyve ¢ap1 5.08 mm ile P17 cesit aday1 tespit edilmistir. Ozgen and Balkaya (2021), yilinda yaptiklari
calismada, dolmalik hibrit biber ¢esit adaylarinda ortalama meyve boyu degerlerinin, 59.63-76.93 mm
arasinda dagilis gosterdikleri belirlenmistir. Farkli arastiricilar tarafindan yapilan ¢calismalarda, dolmalik
biber genotiplerinde meyve uzunlugunun 5.0-8.4 cm arasinda (Oral, 2019) veya 5.8-6.6 cm arasinda
degisim gosterdikleri bildirilmistir (Binbir, 2010). Ozgen and Balkaya (2021),y1linda yaptiklar1 ¢alismada
dolmalik hibrit biber gesit adaylarinda meyve ¢ap1 degerlerini, ortalama 47.31-55.86 mm arasinda degisim
gosterdigini belirtmislerdir. Bagka bir ¢alismada ise dolmalik biber genotiplerinde ortalama meyve ¢ap1
degerinin 4.7-6.8 cm arasinda degisim gosterdigi tespit edilmislerdir (Binbir, 2010). Dolmalik biberlerde,
tilketiciler tarafindan aranan meyve kalite kriterlerinden biri ise meyve et kalinhigidir. Biberde, meyve
etinin ¢ok kalin olmasi ya da ¢ok ince olmasi istenilen bir pazar kriteri degildir (Karaagag, 2006).
Literatiirde dolmalik biber genotiplerinde meyve et kalinlig1 degerlerinin 3.0-4.0 mm arasinda degistigi
bildirilmistir (Binbir, 2010). Ozgen and Balkaya (2021), yaptiklar1 calismada bitki basina toplam meyve
agirhiginda en yiiksek verim degerini 1445.7 g, en diisiik verim degerini ise 725.4 g olarak saptamiglardir.
Aragtirma sonuglari, genotiplere gore degismekle birlikte belirtilen literattrler ile genel olarak uyumluluk
gostermistir.

Tablo 4. Konya Ekolojik Kosullarinda Farkli F1 Biber Cegidi Adaylarinin Verim ve Meyvede Bazi Ozellikler

Meyve sayisi Verim Meyve uzunluk Meyve capi1 Meyve Et kalinlig
(adet/bitki) (g/bitki) (mm) (mm) (mm)
P17 22 678 54.28+6.55 66.5246.53 5.08+0.34
E27 22 1496 64.62+6.67 49.1247.25 4.14+1.09
E26 14 715 66.01+8.19 47.59+6.84 4.80+1.21
E25 20 922 77.2048.92 53.33+6.79 3.55+0.50
E37 17 856 80.49+3.73 57.14+14.51 3.83+0.78
Ortalama 19 9334 68.52 54.74 4.28

Tablo 5 incelendiginde meyve sap uzunlugu ortalamasi 33.11 mm olup, en yiiksek sap uzunlugu
43.07 mm ile Z22 cesit adayr ve en diisiik sap uzunlugu 29.47 mm ile B25 ¢esit adayr oldugu
gozlemlenmistir. Meyve sap1 kalinlig1 ortalama 3.97 mm olup, en yiiksek meyve sap kalinlig1 4.51 mm
ile G12 gesit aday1 ve en diisiik meyve sap1 kalinligr 3.59 mm ile K42 ¢esit adayindan elde edilmistir.
Ortalama SCKM degeri 4.28 olup, en yiiksek SCKM degeri 4.6 ile E27 ¢esit aday1 en diisiik SCKM degeri
ise 3.9 ile E37 ¢esit adaylarinda belirlenmistir. Ortalama pH degeri 5.5 olup, en yiiksek pH degeri 5.54
ile E27 ve E37 cesit adaylar1 ve en diisiik pH degeri 5.40 ile P17 gesit aday1 oldugu saptanmistir. Ozgen
ve Balkaya (2021) yilinda yaptiklari ¢alismada hibrit dolmalik ¢esit adaylarinda ortalama meyve sap
uzunluklarmin 30.72-45.44 mm arasinda dagilis gosterdigini saptamistir. TUm genotiplerde meyve
uzunlamasina baskin sekli, Meyve plasenta seviyesinde enine kesit dalgalanma, meyve yiizey sekli ve
meyve olgunluk rengi sirasiyla diktortgen, yuvarlak, diiz ve yesil bulunmustur.

Tablo 5. Konya Ekolojik Kosullarinda Farkli F1 Biber Cesidi Adaylarimin Bazi Meyve Olciimleri ve Gézlemleri

Meyve Meyve Meyve  Meyve Meyve Meyve Meyve Meyve
sap sap SCKM’s1  pH’st uzunlamasina  plasenta yuzey  olgunluk
uzunlugu  kalinhigr  (briks®) baskin sekli  seviyesinde  yapisi rengi
(mm) (mm) enine kesit
dalgalanma

P17 22.65+5.9 6.05t1.5 4.3 5.40 Diktortgen Yuvarlak Diz Yesil
E27 21.76x4.1 544+10 4.6 5.50 Diktortgen Yuvarlak Diz Yesil
E26 19.1346.3 4.12+0.3 45 5.50 Diktortgen Yuvarlak Diz Yesil
E25 25.01+4.2 4.8+0.34 4.1 5.50 Diktortgen Yuvarlak Diz Yesil
E37 29.11+7.4 5.06£0.6 3.9 5.54 Diktortgen Yuvarlak Diz Yesil
Ortalama  23.532 5.094 4.28 5.50
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4. Sonug

Bu calismada 6zel sektor tarafindan gelistirilen bes adet hibrit dolmalik biber ¢esit adaymin
meyve kalitesi ve verim unsurlar1 yoniinden performanslar1 ayrintili olarak incelenmistir. Yapilan
morfolojik gbzlemler agisindan ¢esit adaylarinin meyve yaprak ve bitkisel 6zelliklerinde farkliliklar
bulunmustur. Bu c¢esit adaylarinin Konya ekolojisi gibi bolgelerde agik arazi sartlarinda
yetistirilebilecegi ve iilke tarimina katki saglayacag diistiniilmektedir.
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